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PREFACE 


PREFACE 

This  Final  Environmental  Impact  Assessment  (FEIA)  provides 
detailed  environmental  studies  on  a  new  22-story  office  building 
at  125  Summer  Street  in  Boston.   The  scope  of  these  environmen- 
tal studies  was  required  by  the  Boston  Redevelopment  Authority 
(BRA)  in  its  Development  Review  Proceoures  and  a  specific  Scope 
of  Environmental  Studies  issueo  by  the  BRA  staff  on  March  6, 
1986  (reprinted  in  Section  2).   Preceding  this  FEIA,  the  project 
proponent  submitted  a  Draft  Environmental  Impact  Assessment  on 
May  23,  1986  and  a  Supplemental  Draft  Environmental  Impact 
Assessment  on  June  13,  1986.   (Both  documents  are  referred  to  as 
the  DEIA.)   The  FEIA  is  a  reissuance  of  the  entire  DEIA,  with 
changes,  comments,  and  responses  arising  from  the  BRA  review 
(see  Section  2.1). 

The  next  section  of  this  FEIA  provides  an  Executive  Summary 
which  briefly  describes  the  major  findings  of  each  of  the 
environmental  studies.   The  reader  will  get  an  overview  of  the 
proposed  project  as  well  as  a  general  understanding  of  the 
environmental  issues,  potential  for  impact  and  proposed 
mitigation  measures.   For  more  detailed  descriptions,  technical 
information,  and  methodologies,  the  reader  is  referred  to  the 
complete  studies  and  appendices  herein. 

Following  the  Executive  Summary,  Section  2.0  provides  the 
BRA'S  required  scope,  comments  on  the  DEIR,  and  the  proponent's 
responses  to  the  comments.   Section  3.0  provides  the  Project 
Description,  and  Section  4.0  includes  all  the  required  environ- 
mental imact  studies. 

The  project  proponent  is  A.W.  Perry,  Inc./Jaymont  (U.S. A) 
Inc.  Joint  Venture.   This  report  was  prepared  by  HMM  Associates. 
Traffic  analysis  was  prepared  by  Vanasse/Hangen ;  wind  impact 
analysis  was  prepared  by  Dr.  George  Succi;  and  historic  resource 
analysis  was  prepared  by  Architectural  Conservation  Trust  for 
Massachusetts.   Elevation  drawings,  photographs  for  the  model 
ana  existing  conditions  were  provided  by  Kohn,  Pederson  Fox 
Associates. 
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1.    SUMMARY 


1.   SUMMARY 

The  proposed  development  at  125  Summer  Street  is  a  new 
22-story  office  building  that  will  be  built  in  the  middle  of  a 
city-block  bounded  by  Summer  Street,  South  Street,  the  Surface 
Artery  and  Lincoln  Street.   Several  19th  century  buildings  that 
now  occupy  the  site  will  be  retained  and  restored  to  form  part 
of  the  base  of  the  new  building.   The  building  will  be  used 
primarily  for  office  use  and  will  include  street  level  specialty 
retail,  restaurants  and  an  interior  gallery. 

This  report  is  the  Final  Environmental  Impact  Assessment 
(FEIA)  that  is  required  by  the  Boston  Redevelopment  Authority 
(BRA)  under  its  Development  Review  procedures.   The  BRA  required 
that  the  project  proponent  provide  detailed  studies  on  10 
subjects  that  may  have  potential  for  environmental  impact. 
These  are: 

0  Pedestrian-level  wind 

0  Shadow 

o  Daylight 

0  Transportation 

o  Air  Quality 

o  Noise 

o  Historic  Resources 

o  Utilities 

o  Energy 

0  Natural  Resources 

While  detailed  studies  are  contained  in  this  report,  this 
section  provides  summaries  of  each  subject's  major  findings. 

The  FEIA  begins  with  a  description  of  the  project  itself, 
including  pertinent  facts  relating  to  the  building's  size  and 
use.   The  site  comprises  approximately  31,03A  square  feet  and  is 
presently  occupied  by  nine  vacant  buildings  and  a  70-foot 
ventilation  stack  over  the  Central  Artery.   The  project  is 
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located  in  the  financial  center  which  has  been  undergoing 
redevelopment  recently  with  high-rise  buildings  and  restoration 
of  existing  structures. 

The  proposed  project  consists  of  a  300-foot  office  building 
with  22  stories  and  6  levels  of  underground  parking.   In  scale 
and  massing,  the  new  building  is  designed  to  be  compatible  with 
the  context  of  recent  buildings  under  construction  in  the  area 
and  the  historic  character  of  the  financial  district.   Its 
height  will  be  less  than  the  nearby  100  Summer  Street,  One 
Financial  Center,  and  101  Federal  Street.   Its  distinctive 
architectural  style  and  varied  exterior  treatments  will  be  more 
reminiscent  of  19th  century  buildings  rather  than  modern  glass, 
concrete  and  steel  styles.   This  style  is  reinforced  by  the 
retention  of  four  of  the  nine  19th  century  buildings  which  will 
be  integrated  into  the  overall  project.   The  building's  L-shaped 
configuration  and  vertical  panels,  window  treatment,  stone 
exterior  and  corner  towers  with  vaulted  spaces  will  combine  to 
proviae  a  varied  and  interesting  treatment  of  the  building's 
exterior.   The  design  is  in  keeping  with  the  historic  setting 
and  will  maintain  the  existing  fabric  and  rhythm  of  the 
financial  district. 

The  building  will  be  comprised  of  the  main  22-story 
structure  over  a  5-story  base  which  connects  .the  existing 
19th-century  buildings  into  a  unified  structure.   The  latter 
will  form  a  pedestal  at  the  first  5  stories  while  the  main 
building  will  be  set  back  in  the  middle  of  the  parcel.   This 
configuration  will  have  the  effect  of  reducing  apparent  mass, 
preserve  more  daylight  observed  at  street  level,  and  reduce  wind 
impacts  (as  will  be  described  later). 

The  building  will  be  used  primarily  for  office  space  and 
will  include  street  level  retail.   The  interior  of  the  base 
building  will  also  have  a  gallery  that  will  connect  the 
building's  side  entrances  from  Lincoln  to  South  Streets.   The 
gallery  will  also  contain  retail  uses.   These  retail  uses  will 
primarily  be  specialty  shops,  convenient  stores,  and  restaurants 
that  would  appeal  to  office  workers  in  the  building  and  nearby 
buildings  in  the  financial  district. 
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Pedestrial-Level  Wind  Impact 

The  wind  study  is  intended  to  predict  the  new  building's 
effect  on  pedestrian  level  wind  patterns  in  the  area.   The  study 
methodology  includes  a  scale  model  of  the  site  and  immediate 
surroundings.   The  model  is  subjected  to  wind  tunnel  testing, 
both  for  existing  conditions  and  with  the  new  building  in  place. 

In  studying  existing  wind  patterns,  the  testing  shows  that 
100  Summer  Street  opposite  the  project  site  to  the  north  has  the 
greatest  effect  on  wind  patterns  in  the  area.   Other  nearby 
high-rise  buildings  such  as  One  Financial  Center,  99   Summer 
Street,  and  Fiduciary  Trust  also  have  noticeable  effects  on 
winds  in  and  around  the  project  area.   Thus,  the  existing  area 
around  the  project  site  is  fairly  windy,  particularly  in  the 
vicinity  of  100  Summer  Street. 

The  addition  of  125  Summer  Street's  proposed  new  building 
appears  to  affect  winds  at  streets  and  pedestrian  ways  directly 
adjacent  to  the  project  site.   The  new  building  has  a  positive 
effect  on  winds  by  providing  shelter  on  Summer  Street  when  winds 
are  from  a  southerly  direction. 


Analysis  indicates  that  there  are  eight  locations  where 
gust  velocities  exceed  the  BRA  threshold  of  31  mph.   It  should 
be  noted  that  seven  of  these  eight  locations  exceed  the  BRA 
threshold  even  without  the  proposed  new  building. 

With  the  construction  of  the  125  Summer  Street  building, 
wind  speed  would  be  reduced  at  five  locations  but  increased  at 
two  locations.   Mitigative  measures  that  will  be  enforced  at  the 
site  are  detailed  in  Section  4.1.5.5. 

Shadow  Impact 

The  purpose  of  the  shaoow  study  is  to  predict  the  extent  of 
new  shadows  resulting  from  the  new  building  on  sensitive  areas 
such  as  parks,  plazas,  and  pedestrian  walkways.   Nineteen  shadow 
diagrams  were  compiled  depicting  net  new  shadows  for  various 
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times  throughout  the  four  seasons.  Existing  shadows  were  also 
compiled  to  determine  new  shadows  associated  with  the  proposed 
new  bulding. 

In  general,  shadow  diagrams  demonstrate  that  the  majority 
of  net  new  shadow  generated  at  pedestrian  levels  as  a  result  of 
the  proposed  building,  are  limited  to  streets  adjacent  to  the 
project  and  some  rooftops  away  from  the  project  site.   Most 
noticeable  impacts  are  anticipated  during  late  spring  and  early 
fall. 

Additional  shading  of  the  100  Summer  Street  Plaza  is 
expected.   This  would  be  anticipated  for  any  proposed  building 
at  the  project  site  greater  than  the  height  of  the  existing 
buildings. 

Daylight  Impact 

The  purpose  of  this  study  is  to  determine  the  amount  of 
perceived  daylight  at  street  level  as  a  result  of  the  introduc- 
tion of  the  project. 

A  "fish  eye"  view  of  the  project  is  taken  from  ground  level 
at  the  center  of  an  adjacent  city  street.   This  methodology 
involves  mapping  the  project's  base,  setbacks,  corners  and  other 
features  to  a  base  map  using  lateral  and  elevation  angles. 

The  existing  conditions  already  include  the  19th  century 
buildings  which  partially  obstruct  perceived  daylight  from 
adjacent  sidewalks.   With  the  main  22-story  structure,  there 
will  be  additional  obstructions  although  these  are  minimized  due 
to  the  buildings  set  back  on  the  block. 

Conclusions  of  the  daylight  study  indicate  that  from  the 
north  elevation,  an  additional  21%  of  daylight  would  be  blocked, 
from  the  east,  an  additional  9.5%,  from  the  south,  an  additional 
35.5%,    and  from  the  west  elevation,  an  additional  11.5%  daylight 
blockage. 
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Transportation  Impact 

This  section  describes  the  existing  traffic-related 
conditions,  estimates  the  impact  of  the  development  in  terms  of 
vehicle  transit  and  pedestrian  trips  to  the  site,  and  provides 
an  analysis  of  the  study  area  under  existing  and  future  (1989) 
conditions . 

Between  1985  and  1989,  transit  use  is  expected  to  increase 
by  25%  based  on  background  growth  in  the  Downtown  area.   Current 
and  planned  improvements  to  the  transit  system  will  result  in  a 
substantial  increase  in  transit  capacity.   The  area  is  well 
served  by  bus  and  commuter  rail  is  easily  accessible  from  the 
project  site.   Parking  in  the  area  is  at  or  near  capacity. 

Some  parking  will  be  available  in  the  underground  garage 
but  overall  the  Access  Plan  identifies  actions  to  take  steps  to 
mitigate  project  impact  to  transportation.   These  include 
actions  to  reduce  and  better  manage  vehicular  trip  generation  to 
the  site  and  to  design  access  to  the  building  in  order  to 
minimize  impacts  on  adjacent  streets.   These  measures  include 
the  promotion  of  ridesharing  and  transit  use,  the  encouragement 
of  alternative  work  schedules,  the  restriction  of  truck 
deliveries  to  non-peak  hours,  and  the  provision  of  administra- 
tive support  for  these  efforts. 

Overall,  additional  vehicular  trips  associated  with  the 
project  are  estimated  at  1,230  (both  ways)  per  aay.   Additional 
pedestrian  and  transit  trips  would  be  approximately  894  per  day. 

Air  Quality  Impact 

The  proposed  project  will  attract  motor  vehicles  that  emit 
pollutants  regulated  by  state  and  federal  standards.   Studies  of 
project-generated  emissions  indicate  contributions  to  existing 
violations  of  ambient  air  quality  standards.   Following 
mitigation  considerations,  however,  pollutant  levels  should  >-^ 
decrease. 
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Overall,  the  air  quality  analyses  predicts  improvements  in 
future  air  quality,  as  a  result  of  the  increased  effectiveness 
of  vehicular  emissions  controls,  despite  modest  increases  in 
local  traffic. 

Noise  Impact 

This  study  is  intended  to  determine  the  construction  impact 
of  noise  on  persons  who  live  and  work  in  the  surrounding  area 
ana  on  passing  motorists  and  pedestrians  in  the  project  area. 

Average  noise  levels  are  highest  during  excavation  and 
clean-up,  assuming  that  all  pertinent  equipment  is  being 
utilized.   Annoying  noise  levels  may  be  experienced  by 
pedestrians  as  they  pass  by  or  linger  around  the  job  site. 
Persons  inside  nearby  buildings  should  not  be  significantly 
affected . 

With  the  use  of  mitigative  measures,  such  as  the  use  of 
appropriate  mufflers,  turning  off  idling  equipment,  installing 

enclosures  around  the  work  area  where  stationary  equipment  is 
being  used,  and  coordinating  equipment  operations  to  coincide 
with  times  of  highest  ambient  noise  levels,  a  reduction  in 
construction  noise  impact  can  be  achieved. 

Historic  Quality  Impacts 

Prior  to  construction  of  the  Central  Artery,  the  project 
area  was  part  of  a  large  block  of  row  buildings  that  extended 
without  interruption  southward  toward  Essex  Street. 

The  project  site  itself  consists  of  nine  commercial 
buildings.   All  buildings  within  the  project  area  have  been 
surveyed  by  the  Boston  Landmarks  Commission.   None  have  been 
classified  as  either  Category  I  (Highest  Significance),  or 
Category  II  (Major  Significance).   Buildings  at  115-117, 
131-135,  and  137-139  Summer  Street  are  noted  as  Category  III 
(Significant)  buildings. 
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The  construction  of  the  project  will  include  the  demolition 
of  five  of  the  nine  buildings.   The  four  remaining  structures 
will  be  retained  and  incorporated  into  the  design. 

Various  aspects  of  the  project  have  been  planned  to 
mitigate  the  effect  of  new  construction  on  historic  resources, 
such  as  the  retention  and  restoration  of  some  of  the  buildings 
and  construction  considerations  to  enhance  existing  structures. 

Utility  Impacts 

The  existing  sewer  system  is  operated  by  the  Boston  Water 
and  Sewer  Commission  (BWSC) .   The  present  water  system  serving 
the  site  includes  the  East  Side  Interceptor,  Boston  Main 
Interceptor,  MDC  Columbus  Park  Connector,  MDC  Columbus  Park 
Headworks  MWRA  Tunnel,  and  the  Deer  Island  Treatment  Plant. 
Predicted  use  of  water  and  projected  discharge  of  sewerage  and 
solid  waste  are  summarized  as  follows: 

0     Water  —  Net  new  use  of  water  (new  less  previous  use) 
as  a  result  of  construction  will  be  on  the  range  of 
25,000  to  30,000  gallons  per  day  (GPD).   Estimated 
daily  flow  from  the  public  water  supply  is  80,000 
GPD.   The  larger  number  is  due  to  evaporation  from 
heating,  ventilation  and  air  conditioning  and  other 
mechanical  systems. 

0     Sewer  --  The  net  discharge  of  25,000  to  30,000  GPD 
will  not  be  a  burden  on  existing  local  sewer 
systems.   However,  due  to  existing  capacity 
deficiencies  of  the  East  Side  Interceptor,  a 
retention  tank  will  be  designed  to  hold  an  entire 
day's  generation  of  sanitary  waste  with  a  time 
release  for  discharge  into  the  sewer  system  during 
periods  of  low  tide. 

o     Solid  Waste  --  Estimated  production  of  solid  waste 
from  the  proposed  building  is  2  tons  per  day  (TPD). 
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Energy  Impacts 

Attention  to  energy  efficiency  has  been  considered 
throughout  the  design  of  the  project.   The  latest  technology 
will  be  incorporated  into  the  building  which  will  minimize  its 
energy  demands.   These  include  energy  efficient  windows,  good 
insulation,  an  all-electric  system  with  an  emergency  backup 
generator  and  space  lighting.   The  total  energy  demand  is 
projected  to  be  3,920,000  kilowatt  hours. 

The  all-electric  design  exceeds  accepted  building  codes  and 
industry  standards  for  energy  efficiency. 

Natural  Resources  Impact 

Data  was  collected  to  determine  existing  site  conditions 
and  subsurface  conditions  at  the  proposed  building  site. 

0     Site  Conditions  —  A  number  of  below-grade  structures 
and  underground  utilities  are  in  the  immediate 
vicinity  of  the  site. 

0     Soil  —  Test  borings  of  the  soil  at  the  site  reflect 
the  effects  of  glaciation,  the  subsequent  estuarine 
environment,  and  man-placed  fill.   Fill,  clay  then 
glacial  till  was  encountered  top  to  bottom  in  the 
boring  readings.   Bedrock  was  not  encountered  in  any 
of  the  test  borings. 

0     Groundwater  —  Groundwater  level  readings  in  the 

observation  wells  range  between  El.  5.4  and  El.  13.1. 
Excavation  will  extend  35  to  AO  feet  below  the 
present  groundwater  levels. 
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Construction  --  The  22-story  structure  with  5  levels 
of  below-grade  parking  will  require  excavation  to  58 
feet.   The  building  will  be  supported  on  individual 
spread  footings  or  a  mat  foundation.   The  use  of  a 
concrete  diaphragm  wall  will  provide  a  permanent 
system  for  full  relief  at  hydrostatic  pressure  for 
the  lowest  level  floor  slab.   The  wall  would  be 
extended  10  to  15  feet  below  the  lowest  floor  level 
to  serve  as  a  permanent  seepage  cutoff.   All 
foundations  will  be  designed  to  resist  earthquake 
forces  calculated  in  accordance  with  the 
Massachusetts  Building  Codes. 
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2.   BRA  REQUIRED  SCOPE 


305TON 

REDEVELOPMENT 

AUTHORITY 


Irw  Ciiy  Hall  Square 
lOSton.  MA  02201 
J17)  722-J300 


March  e;,  1986 


Mr.  Joseph  Fallon 

Jaymont  Properties 

260  Franklin  Street,  Suite  2250 

•-'OS ton,  MA   02110 


Tear  Mr.  Fallon: 

As  part  of  the  Boston  Redevelopment  Authority's  review  of  the 
Lincoln  Block  development,  the  Authority  requires  submission  and 
approval  of  a  comprehensive  environmental  impact  report,  as  was 
discussed  at  your  recent  meeting  with  BRA  staff. 

The  studies  which  are  required  for  your  proposal  are  listed  on 
Attachment  A  and  described  in  greater  detail  in  the  Authority's 
Development  Review  Procedures. 

Prior  to  presentation  of  your  proposal  to  the  BRA  Board,  the 
environmental  studies  will  be  distributed  to  public  agencies  as 
well  as  interested  groups  and  individuals  for  a  30-day  public 
re%'iew  period.   Prior  to  the  Authority's  approval  of  contract 
documents,  the  environmental  studies  and  any  necessary  mitigation 
measures  must  also  meet  with  Authority  approval. 

Please  work  with  my  staff  in  coordinating  the  content  and  timing 
of  the  environmental  report  with  the  ongoing  design  review 
process . 

We  look  forward  to  continuing  our  cooperative  review  with  you 
during  the  coming  months. 


rely. 


■■W^t(^ 


Susan  Allen 

Assistant  Director  for 

Development  and  Urban  Design 
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ATTACHMENT  A 

LINCOLN  BLOCK  -  REQUIRED  ENVIRONMENTAL  STUDIES 
Pedestrian-level  wind  impact 

(a)  Preliminary  (qualitative)  analysis  to  determine 
relative  impacts  and  potential  problem  areas. 

(b)  Wind  tunnel  testing  (hot  wire)  of  pedestrian  and  public 
areas  (entrances,  plazas)  and  of  potential  problem 
areas  adjacent  to  and  in  the  vicinity  of  the  project 
site. 

(c)  Identification  of  measures  to  mitigate  impacts  in  areas 
where  winds  exceed  acceptable  levels. 

(d)  Analysis  should  be  presented  as  follows: 

o   Present  data  for  existing  (no-build)  and  future 
build  scenarios  as  follows: 

Mean  velocity  (exceeded  1%  of  time) 
Effective  gust  velocity  (exceeded  1%  of  time) 

o  Compare  mean  and  effective  gust  wind  speeds  on 

both  annual  and  seasonal  basis,  by  wind  direction. 

o   Provide  a  written  descriptive  analysis  of  wind 
environment  and  impacts  for  each  sensor  point 
including  such  items  as  source  of  winds, 
direction,  seasonal  variations,  etc.,  as 
applicable.   Include  analysis  of  suitability  of 
location  for  various  activities  (e.g.,  walking, 
sitting,  eating,  etc)  as  appropriate. 

o   Provide  maps  of  sensor  locations  with  wind  speed 
data,  graphically  indicating  changes  in  wind 
speeds. 

Shadow  Impact 

The  studies  should  distinguish  additional  and  overlapping 
shadow  caused  by  the  project  (net  new  shadow) .   Particular 
attention  should  be  given  to  plazas,  sidewalks,  and  other 
public  open  space  areas. 

(a)   Seasonal  shadow  studies  at  9:00  A.M.,  12:00  Noon,  3:00 
P.M.  for: 

Summer  solstice  22  June 

Winter  solstice  22  December 

Spring/Fall  equinoxes     21  March  and  23  September 
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(b)   Additional  studies  for:   10:00  A.M.,  11:00  A.M.,  12:00 
Noon,  1:00  P.M.,  2:00  P.M.,  for  October  21  and 
November  21 

Daylight  Impact 

(a)  Daylight  analysis  of  percentage  of  skydome  obstructed 
by  building 

(b)  Daylight  analysis  of  no-build  alternative 
Transportation  Impacts 

(a)  General 

o   Project  generation  (daily  and  peak-hour) . 

o  Modal  split. 

o   Regional  distribution  and  access 

(b)  Vehicular  traffic 

o  Circulation  and  access-impact  on  Central  Artery 
and  local  street  system  and  intersections. 

o   Peak-hour  travel  demand  (a.m.  and  p.m.). 

o   Level-of-service  analysis. 

(Coordinate  with  Central  Artery,  Dewey  Square 
studies) 

(c)  Parking 

o   Parking  requirements. 

o   Effect  on  parking  supply/demand  distribution  in 

area, 
o   Public/private  use  of  parking  spaces. 

(d)  Pedestrian  circulation 

o   Demand/capacity  analysis  (pedestrian  densities) . 
o  Connections  to  public  transportation 
Stat ions /stops /terminals. 

(e)  Public  transportation 

o   Usage  and  capacity  (rapid  transit,  bus,  commuter 

rail) . 
o   Peak-hour  demand/capacity. 

(f)  Truck  service/deliveries  and  loading  facilities 

(g)  Construction  period  impacts. 

o   Parking  requirements  (workers,  equipment,  trucks) 
o   Truck  access  routes. 
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5 .  Air  Quality  Impacts 

(a)  Impact  on  local  air  quality  from  additional  traffic 
generated  by  the  project  (required  if  significant 
degradation  of  level  of  service  at  one  or  more 
intersections  is  identified) . 

(b)  Emissions  from  parking  garage  and  Central  Artery  vent 
shaft  (potential  pedestrian  level  air  quality  impacts) . 

(c)  Construction  related  impacts  (demolition,  site 
preparation,  construction  activities;  construction 
traffic  and  equipment) ;  control  and  mitigation 
measures . 

6 .  Noise  Impacts 

(a)   Construction-related  impacts  (construction  activities, 
equipment) ;  control  and  mitigation  measures. 

7.  Historic  Quality  Impacts 

(a)  Potential  impacts  on  adjacent  and  nearby  historic 
properties  (Commercial  Palace  District,  Bedford 
Building  -  compatibility,  scale,  materials) . 

(b)  Reviews  with  Massachusetts  Historical  Commission, 
Boston  Landmarks  Commission,  Preservation  Alliance. 

8 .  Utility  Systems  Impacts 

(a)  Water  demand,  sewerage/solid  waste  generation. 

(b)  Impact  on  water  resources  (supply/demand) ,  disposal  of 
v/astes. 

(c)  Capacity  and  adequacy  of  existing  utility  systems 
serving  project;  BWSC  requirements/ 

(d)  Measures  to  conserve  resources/recycling. 

9 .  Energy  Impacts 

(a)  Energy  requirements  and  impact  on  resources  and  supply 

(b)  Measures  to  conserve  energy  usage  and  fuel 
requirements . 
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(c)  Feasibility  of  including  solar  energy  provisions. 

(d)  Life-cycle  costing  analysis  to  determine  efficient 
energy  use. 

10 .   Natural  Resources  Impact 

(a)  Analysis  of  sub-soil  conditions." 

(b)  Description  of  excavation  and  foundation  construction 
and  potential  impacts 


N.B.     IN  ALL  CASES  WHERE  ADVERSE  IMPACTS  ARE 
ANTICIPATED  OR  DETERMINED,  MITIGATION 
MEASURES  TO  MINIMIZE  OR  AVOID  THE  ADVERSITY 
SHOULD  BE  IDENTIFIED. 
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2.1   COMMENTS  ON  DRAFT  EIA 

Since  the  submission  of  the  DEIA  documents  in  May  and  June, 
1986,  the  BRA  has  received  comments  on  several  chapters.   The 
BRA  staff  has  also  prepared  its  own  comments.   All  of  these 
comments  are  reprinted  in  this  sub-section.  The  next  sub-section 
contains  the  responses  to  the  comments  and  how  this  FEIA 
addresses  them. 
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BOSTON 

REDEVELOPMENT 

AUTHORITY 

Raymond  L-  Flynn 
Stephen  Coyle 

Dirfttcir 

One  Cm  Hall  Square 
Boston.  MA  02201 
(617)  722-4300 

July  31  ,    1986 


Mr.   Joseph   F.    Fallon 
Senior   Project  Manager 
Jaymont   Properties 
260   Franklin   Street 
Boston,   MA     02110 

Re:      125  Summer  Street  Office  Building 
Environmental   Impact  Assessment  Report 

Dear  Mr.   Fallon: 

The  BRA  staff  have  reviewed  the  Draft  Environmental   Impact  Assessment 
report  and  Supplement  report  which  you  have  submitted  for  the  125   Summer 
Street  Office  Building  project  in  downtown   Boston.      In  accordance  with  the 
Authority's  environmental  review  procedures,   these  documents  also  have  been 
made  available  for  public  and  agency  review.     Our  comments  on  the  reports 
are  detailed  below,  and  comments   received  by  the  Authority  during  the  public 
review  period  are  attached.      The  Final   Environmental   Impact  Assessment 
should   respond  to  these  comments  as  well  as  provide  the  additional  or 
corrected  analyses  as  indicated. 

General    (Format) 

The   Final   EIA  must  be  submitted  as  a  single  document  and  is  to  include  all 
the  information  and  analyses  required  for  the  Draft  document,   as  well  as  the 
Access   Plan.      Improvements  in  the  graphics  are  encouraged;    many  are  difficult 
to  read  and  lack  important  elements   (e.g.   street  names). 

In  addition,   a  summary  of  the  Report  and  its  findings,   brief  and   under- 
standable by  the  lay  person,   should  be  included   in   the  Final   report.      This 
may  be  included  as  a  separate  section  at  the  beginning  of  the  report  or  as 
separate  summaries  at  the  beginning  of  each   section. 

The   Final   report  also  should   include  a  copy  of  the  Transportation   Study 
scope,   this  letter  and  public  comments  on  the  draft  reports. 

Project  Description 

The   Project  Description   section   should  be  corrected   to  provide  the  most 
current  information  on  the  project  (e.g.   the  tower  is   22,   not  23   stories,   the 
site  is   31,100   sq.   ft.    in   area,   etc.).      Project  drawings   likewise  should   be 
updated  to  reflect  changes   in   schematics,   dated  July   1986.      The  Final   EIA 
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should  also  describe  in  some  detail  the  interior  and  exterior  public 
improvements   that  are  included   in  the  project,   indicating   the  types  of  retail 
shops  to  be  provided   in   the  project,   the  nature  of  street  level   interaction, 
and  planned   landscaping   features. 

Pedestrian   Level  Wind   Impact 

With   regard   to  the  discussion  of  "Wind  Significance  Criteria"    (Section  U.I. 3), 
although   the  31    mph    (not  31.5   mph  as   reported  on   page  4,1-45   and  Appendix 
B-17)   effective  gust  velocity  threshold   is  the  primary  BRA  standard   for 
measuring  wind  acceptability,   the  BRA  also  makes  use  of  the  Melbourne 
Criteria   for  evaluating  conditions  with   respect  to  types  of  activities    (walking, 
sitting,   etc.).      The  text  should  be   revised   to  reflect  this  and   should  also  list 
the  criteria  by  type  of  activity. 

The  wind  impact  analysis  indicates  that  there  will   be  8   (not  7,   as  reported  on 
page  4.1-56)   measurement  locations  where  effective  gust  velocities  are 
projected  to  exceed  the  BRA  acceptability  threshold  of  31    mph.     Seven  of 
these  eight  locations  also  exceed  the  BRA  threshold  under  the  no-build 
condition.     Although  at  five  of  these  locations  the  wind  is  projected  to  be 
reduced  with  the  125   Summer  Street  building   in  place,   wind  speeds  would  be  ' 
increased  at  two  locations   (11,   12)   and  would  be  increased  from  marginally 
acceptable  to  marginally  unacceptable  at  Station  9   (the  northwest  corner  of 
the  project  site).      However,   no  mention  of  this  exceedance  is   mentioned   in 
the  text.     Notwithstanding  the  fact  that  winds  are  reduced  at  four  of  these 
locations  with  the  project   (but  still  exceed   the  BRA  threshold),   it  is   BRA 
policy  that  projects  not  result  in  exceedance  of  the  31    mph  threshold. 
Therefore,   the  Final   EIA  must  include  a  discussion  of  mitigation  measures 
which  could   reduce  winds   to  acceptable  levels,   at  least  at  those  locations 
where  the  project  would   increase  already  unacceptable  levels  or  cause 
exceedances.      Such  mitigation   is  especially  critical   at  Station   11    (100  Summer 
Street)    which   is   a   particularly  dangerous  area  and  where  the  project  would 
increase  the  exceedance  from  32.6  mph   to  34.0  mph. 

Some  more  specific  points  that  require  correction   in  the  Final   EIA  include  the 
following: 

1.  pg.    4.1-45    (T2):      The  statement  that  there  are  only  two  locations  where 
gust  winds   increase  by  more  than   2   mph   is   incorrect.     According   to 
Table  4.1.5,   increases  of  greater   that  2   mph  also  occurred   at  locations 
3,    6,    14.   29,    and   5. 

2.  pg.   4.1-45    (^3):      Again,   this   paragraph   is   incorrect.     Mean  winds   do 
not  increase  at  station   25    (Table  4.1.7)   but  do   (2   mph  or  more)    at 
stations   14,    13,   8,   and  29,   as   well  as  7. 

3.  pg.   4.1-54   (Point  10):      Since  the  BRA  acceptability  threshold   is   31    mph, 
winds  at  this   location  with  the  building   still   are  unacceptable. 
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4.  pg.   U.1-54   (Point  27):     Although  winds  are  decreased  at  this  location 
with  the  building,   they  are  still   unacceptable  according  to  BRA  criterion 
(mean  speeds  not  exceeding  23  mph   (see  pg.    4.1-13). 

5.  pg.   U.1-55    (Point  25):     According  to  Table  4.1.7,   wind  speeds  at  this 
point  for  No-Build  and   Build  conditions  are  28.5  and   28.1    mph 
respectively,   not  28  and   27.2  mph,  and  thus  are  still  unacceptable 
according   to  BRA  criterion. 

6.  A  map  of  the  sensor  locations  with  wind,  speed  data,   indicating  the 
changes   in  wind  speeds,   should  be  included. 

Shadow   Impact 

The  shadow  graphics  are  rather  difficult  to  read  and  have  not  been   reproduced 
very  clearly.      In  addition,   the  impact  of  the  Dewey  Square  tower  is  missing 
from  the  Oct.   21,   10:00  a.m.   diagram  and  does  not  appear  to  be  correctly 
shown  on  the  Dec.   22,   9:00  a.m.   diagram;    in  both  these  cases,   the 
125  Summer  Street  project  might  create  no  or  minimal   net  new  shadows  on 
Summer  Street.     These  deficiencies  should  be  corrected  in  the  Final   EIA. 

The  order  of  the  shadow  diagrams  should  be  coordinated  with  the  discussion 
in  the  text. 

Transportation   Impacts 

The  Final   EIA  should  explain  clearly  the  determination  of  existing  traffic 
volumes  in   relation   to  previous  traffic  studies  in  the  same  area.     Existing 
traffic  volumes  apparently  were  obtained   from   the  1984   Dewey  Square 
Comprehensive  TSM   Program  study,   revised   (by  actual  counts?)   to  reflect  the 
current  one-way  travel  on   Essex  Street.      However,   many  of  the  numbers  are 
significantly  different  from  the  traffic  volumes  given   in   the  International   Place 
EIR,   for  instance,   for  the  same  intersections.     What  is   the  reason   for  this? 
Are  different  a.m.   and  p.m.   peak  time  periods  used?     Are  the  125   Summer 
Street  volumes  more   (or  less)   current  than   International   Place?      It  would  seem 
to  be  appropriate  that  a  uniform  data  base  be  used,   updated  as  conditions 
change,   and  that  these  be  clearly  identified. 

Questions  have  been   raised  during   the  review  of  the  Draft  EIA   regarding   the 
inclusion  of  growth  outside  the  general  downtown  area   into  the  traffic  growth 
projections   for   1989.      The  Final   EIR  should  clarify  whether  traffic  growth 
from  such  areas  as  the  Back   Bay  and  South   Boston  which  would  enter  the 
downtown  area  was  included   in   the  background   projections  and  any  appropriate 
adjustments  made  to  the  analysis  if  necessary. 

Four  intersections   show  V/C   ratios   in  excess  of  1  .00   for   1989   Build 
conditions,   yet  there  is   no  real  analysis  of  the  impact  of  such  congested 
conditions  on   the  local   street  system   (such  as   the  occurrence  of  queuing  and 
delays,   the  diversion  of  traffic,   effect  on  adjacent  intersections,   or  possible 
mitigation  measures)  .     The  Final   EIA   should   include  a  more  detailed   assessment 
of  the  impact  of  increased  traffic  due  to  the  project  development. 
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Two  corrections  should  be  noted  in   particular  in  page  1-U  of  the  Supplement. 
In  the  second   paragraph,   it  is  stated   that  in   the  evening   peak  hour  the 
Congress  Street  intersections  at  Purchase  Street  and  Atlantic  Avenue  decline 
from   LOS   "D"   to  "E"  ,   whereas  Table  1-2   indicates  a  decline  to  an   LOS  of  "F" 
The  decline  is   particularly  significant  at  Purchase  Street.      In  addition,   the 
analysis  fails  to  indicate  that  the  Surface  Road/South  Street/   Expressway 
Ramp  intersection  also  will  decline  from  LOS  "D"   to  LOS   "E"   in  the  evening 
peak  hour. 

The  effect  on  the  intersections   (LOS)   if  the  Access   Plan  goals  are  fulfilled 
should  be  included  in  the  analysis  as  a  mitigation  impact. 

The  pedestrian  analysis  should  discuss  or  quantify  the  impact  of  the  project 
on  pedestrian  flows  given  that  Dewey  Square  already  has  high  pedestrian 
volumes   (5,500-6,000  crossings  at  peak  hours),   a  demand/capacity  impact 
analysis  should  be  included   in  the  Final   EIA. 

In  Table  U.4.16   there  appears  to  be  a  discrepancy  between  the  851    p.m.    peak 
pedestrian  trips  along  Summer  Street  projected   in  this  table  and  the  p.m. 
peak  pedestrian  trips   (transit/walk)   of  928  given  in  Table  4.4.9,   the  vast 
majority  of  which  would  probably  use  at  least  some  part  of  Summer  Street. 
An  explanation   is  needed. 

Concern  also  has  been   raised  concerning  the  quality  of  the  transit  analysis 
which,   based  on  a  full-day  demand/capacity  analysis,   appears  to  indicate 
excess  capacity  available  and  hence  no  problems.     The  real   world  situation, 
particularly  at  peak  hours,   is  quite  different.     The  transit  analysis  should  be 
revised  to  reflect  actual  conditions  at  peak   hours  and   the  real   impact  of  the 
project-generated  peak  hour  trips  on  the  existing  transit  system. 

There  is  also  a  significant  discrepancy  in   the  number  of  PM   peak  hour  transit 
trips  generated  by  the  project  -  Table  U.4.9  gives  898  trips  whereas  Table 
4.4.14  in  the  transit  analyses  section  gives  only  626.     This  discrepancy  needs 
to  be  corrected  or  explained  adequately. 

With   regard   to  parking,   the  Draft  EIA  indicated  a  shortfall  of  62   long-term 
spaces  and   95   short-term  spaces.      The  Final   EIA  should   describe  where 
parking  demand  surplus  would  go  or  what  the  impact  would   be  on  adjacent 
areas,   particularly  Chinatown. 

The   Final   EIA  and   Access   Plan  should  also  address   the  need   for  short-term 
parking.      In  addition,   the  location  of  potential  off-street  parking   during 
construction  should  be  described. 

Maps  indicating   LOS  at  the  studied   intersections  and   pedestrian  volumes  would 
be  useful   for  reference  and   should   be  included   in   the   Final   EIA. 

Air  Quality  Analysis 

The  air  quality  analysis  of  the  Draft  EIR  was   reviewed   by  both   the   Department 
of  Environmental   Quality  Engineering  and  by  a  consultant   (Tech   Environmental, 
Inc.)    under  contract  to  the   BRA.      Their  reports  are  attached.      As  discussed 
at  a  recent  meeting  of  your  consultants,   the  BRA  and   DEQE,   a   revision  of 
the  air  quality  analysis  will   be  required   for  the   Final   EIA.      Prior  to  the 


JB3/DD/072886/4 


re-analysis,  the  methodology,  assumptions,  receptor  locations  and  other  input 
data  should  be  reviewed  with  DEQE  and  the  BRA  should  be  notified  when  this 
meeting   is  scheduled. 

In  addition,   the  air  quality  analyses  includes  minimal  discussion  of  the  large 
violations  of  the  carbon  monoxide  standards  that  are  predicted,   fails  to 
demonstrate  consistency  with  the  Massachusetts  State  Implementation   Plan,   and 
fails  to  show  that  the  project  will  not  interfere  with   the  attainment  and 
maintenance  of  the  standards.      Even   though  existing  and   1989   no-build 
conditions  are  projected  to  exceed  standards,   the  project  itself  will   increase 
the  violations.      No  measures  to  fully  mitigate  the  increase  are  suggested. 
This   failure  must  be  corrected   in   the   Final   EIA,   in  consultation  with   DEQE. 

Although  a  number  of  measures  to  mitigate  dust  emissions  during  construction 
are  identified  in  the  report,   a  strong  commitment  to  the  implementation  of 
these  measures  and  monitoring  of  compliance  will  be  required. 

Historic  Quality   Impacts 

The  Final   EIA  should  include  a  discussion  of  reviews  of  the  project  with  the 
Massachusetts  Historical  Commission,   Boston  Landmarks  Commission,  and 
Preservation  Alliance. 

On  page  4.7-2,   it  is  stated  that  no  buildings  on  the  site  have  been  classified 
by  the  Boston   Landmarks  Commission  as  being   in  categories   I,    11,  or  III. 
Hpwever,   the  BLC's  Central   Business  District  Preservation  Survey  clearly 
lists   115-117,   131-135,   and   137-139  Summer  Street  as   Category   III 
(Significant)   buildings.     This  should  be  corrected   in  the  Final   EIA. 

On   page  4.7-6    (#7),   the  Great  Fire  occurred   in   1872,   not   1972. 

As  you  are  aware,   the  approval  of  this   project  is  contingent  upon  submission 
of  a  satisfactory  Final   EIA  for  public  review  as  well  as  a  commitment  to 
mitigation  measures  the  Authority  deems  necessary  to  minimize  adverse 
environmental  effects  identified  in  this  environmental   review  process. 

I    thank  you   for  your  cooperation  and   look   forward   to  the   receipt  of  the  Final 
document. 


Sincerely, 


Direc 
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SScUon,    ^({a^icuAiie^i^  02202 


MICHAEL    S.     DUKAKIS 
Governor 


July  7,    1986 

JAMES     S.     HOYTE 
Secretary 

Mb.  Susan  Allen,  Assistant  Director 
Development  and  Urban  Design 
Boston  Redevelopment  Authority 
One  Center  Plaza 
Boston,  MA  02201 


Dear  Ms.  Allen, 

Ttiank  you  for  the  opportunity  to  ccmiflnt  on  the  EIR  for  125  Svsmer 
Street.   My  camnents  are  exceedingly  brief,  but  will  I  hope  be  v»eful. 


I  hope  that  as  the  BRA  analyzes  this  EIR  It  will  draw 
ccnclxislons  about  refining  the  revlcM  process  In  the  future.  A  better-defined 
review  process  would  enhance  the  quality  of  public  and  agency  Input  Into 
ongoing  BRA  reviews  with,  I  believe,  ccmnensurate  benefits  to  the  quality  of 
the  projects  t^itlch  emerge  from  those  revieHs.  The  nest  evident  needs  at  this 
point  are  for  (1)  Input  Into  the  Scoping  process,  and  (11)  a  requirement  that 
there  be  public  and  revlewbable  responses  to  ccmnents  en  the  Draft  EIR. 


n— Ityi.  I  think  future  EIRs  should  elaborate  en  the  design  concepts 
embodied  In  projects  and  explain  the  evolution  of  the  project  through  the 
design  process.  It  Is  self-evident  that  design  decisions  made  by  BRA  and 
project  proponents  can  han;e  enonncus  visuad  Impacts  en  Boston  and  Its 
citizens,  as  well  has  major  Impacts  en  Its  historic  faibrlc.  EIRs  have  rarely 
been  successful  In  ccmlng  to  grips  with  these  Issues,  but  that  does  not  mean 
that  the  task  should  not  be  attempted. 

The  onset  of  a  Civic  Design  Ccnmlsslon  will  be  a  welcome  addition  to  BRA 
design  review  processes.  The  BRA  and  the  Ccniilsslcn,  however,  shculd  not 
awwniww  that  design  Issues  stand  outside  of  and  have  no  bearing  on 
enviraroflntal  Import  Issues.  Vtille  they  are  not  coterminous,  they  are 
Intljnately  related,  and  the  public  that  takes  the  trouble  to  review  an  EIR 
shculd  have  an  opportunity  to  understand  and  appreciate  the  design  decisions 
v^ilch  are  being  nade. 

Sincerely, 


SaimMl  a.    MuoBtt.        0 


Samuel  Q.  Mygatt, 
Assistant  Secretar/ 
Envlromiental  lopact  Review 
SGM/sd 


Boston 

Raymond  L.  Flynn,  Mayor 


DATE:    July    15,     1986 

TO:    Richard  Mertens,    BRA 

FROM: 

RE:  125  Summer  St.  Environmental  Impact  Assessment 


Kicnara  Mertens,  dka 

i:  Richard  Dimino,  Commissioner  of  Transportation^  ''^ 


We  have  reviewed  the  document  referenced  above.  On  the  whole  we 
find  that  it  adequately  describes  the  impact  of  the  project  on 
the  immediately  surrounding  transportation  facilities.  We  are 
particularly  pleased  with  the  developer's  cooperativeness  in 
the  process  of  developing  an  Access  Plan.  A  separate  document 
using  much  of  the  transportation  information  included  in  this 
Assessment  will  serve  as  the  City's  first  formal  example  of  an 
Access  Plan. 

The  developer  and  primary  contractor  have  met  with  members  of 
this  department's  construction  management  team,  and  have 
submitted  a  construction  impacts  mitigation  proposal  which  the 
department  is  currently  reviewing.  Our  preliminary  judgement  is 
that  the  proposal  is  substantially  satisfactory  and  will 
require  only  minor  changes. 

This  department  is  currently  reviewing  the  draft  Access  Plan. 


r:^^-<! 


% 


Richard  A.  Dimino,  Commissioner,  Traffic  and  Parl<ing 

City  of  Boston/City  Hail  Square/Boston,  MA  02201 


191  Hamilton  Street 
Cambridge,  Mass.  02139 
June  16,  1986 


COMMENTS  ON  PROPOSED  125  SUMMER  STREET  OFFICE  BUILDING 


("ENVIRONMENTAL  IMPACT  ASSESSMENT"  for  BRA  May  1986) 


To 
From 


Boston  Redevelopment  Authority  :  attn.  Susan  Allen 

Stephen  H.  Kaiser 

Traffic  and  Transportation  Engineer 


The  "Environmental  Impact  Assessment"  for  the  125  Summer  Street  Office 
Building  is  in  some  ways  an  improvement  over  earlier  versions  of  environmental 
studies  done  for  the  City,  such  as  the  unscoped  "EIR"  for  Chiofaro's 
International  Place  and  the  "EIR"  for  500  Boylston  Street,  with  its  scope 
prepared  by  the  consultant. 

Unfortunately,  there  are  still  some  rough  edges.   Who  is  this  document 
prepared  for  :  the  BRA  or  the  developers  Perry/Jaymont?  The  scope  was  issued 
under  the  name  of  the  BRA  on  March  6,  1986,  and  the  report  is  dated  May  23, 
1986,  which  would  be  a  very  fast  turnaround  time  to  do  wind  and  traffic 
studies.  The  report  refers  to  Dewey  Square  measurements  in  1985  by  HMM  and  to 
transit  growth  between  1985  and  1989,  which  suggests  that  much  of  the 
preparatory  work  for  the  report  was  done  in  1985,  before  the  BRA  scope  was 
issued.   How  much  of  an  improvement  is  it  over  the  500  Boylston  study  to  have 
the  BRA  issue  a  scope  (without  a  specified  study  area)  months  after  the 
consultant  has  begun  assembling  data  and  doing  analyses,  compared  to  the  500 
Boylston  Street  case  where  the  consultant  writes  the  scope  for  BRA  approval? 
How  can  the  BRA,  as  the  development  advocate  for  the  city,  perform  an  objective 
and  critical  review  of  a  report  on  a  development  project? 


I 


What  happens  to  any  comments  which  are  received  during  the  comment 
period?  Is  the  proponent  in  any  way  obligated  to  respond,  or  can  he  ignore 
them?  The  500  Boylston  project  went  through  a  2-step  Draft/Final  review  which 
at  least  allowed  for  some  formal  response  to  comments.   Is  BRA  working  under 
any  laws  or  regulations  in  requiring  such  environmental  studies?  If  not,  why 
not?  At  least  under  MEPA,  developers  know  more  or  less  what  to  expect, 
especially  with  regard  to  timing  and  legal  findings. 

The  report  does  include  extensive  wind  and  shadow  studies,  but  no 
traffic  calculations.  Why  no  traffic  calculations?  I  looked  for  them  in  vain, 
until  page  A. 4-1  provided  the  explanation  :  "Two  sections  of  the  report  were 
not  able  to  be  completed  due  to  time  constraints  and  will  be  submitted  as 
supplementary  material." 
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Would  General  Motors  dare  to  try  to  sell  a  car  that  had  no  engine  and 
claim  that  "we  didn't  have  time  to  put  the  engine  together"?  Well,  at  least 
the  Japanese  wouldn't,  and  no  one  should  be  in  the  business  of  either 
submitting  or  accepting  incomplete  environmental  studies.   Suppose  the  wind 
analysts  had  decided  that  they  didn't  have  enough  computer  time,  so  they  were 
going  to  submit  their  wind  results  in  some  undefined  "supplementary  material"? 

What  were  the  time  constraints  which  prevented  the  consultants  from 
assembling  a  full  traffic  study?  Were  they  imposed  by  the  developers?  By  the 
BRA? 

When  I  got  to  the  point  of  realizing  that  the  "environmental  impact 
assessment"  report  contained  no  traffic  capacity  analysis,  I  considered  not 
going  any  further  with  my  review,  in  view  of  the  clear  evidence  that  the 
integrity  of  the  public  documentation  process  had  been  so  severely  violated. 
This  is  a  very  similar  criticism  which  was  raised  during  the  Chiofaro  and  500 
Boylston  Street  projects.   Law  and  integrity  must  come  first.   I  see  very 
little  improvement  so  far  in  the  BRA  environmental  review  process. 


Since  I  have  reviewed  the  present  incomplete  document  in  some  detail, 
let  me  offer  the  following  comments,  which  could  be  considered  when  the 
developer  finds  time  to  assemble  a  complete  report  for  submission  to  the  BRA. 


ALTERNATIVES 


The  nearby  Dewey  Square  office  tower  is  reportedly  now  about  half  full, 
after  two  years  of  advertising  and  searching  for  tenants.   The  building  boom  in 
the. Greater  Boston  area  has  left  the  office  market  glutted.   Enter 
Perry/Jaymont  to  propose  ....  another  office  building.   Do  we  really  need  more 
office  space  in  the  downtown,  given  all  that  is  proposed,  all  that  is  vacant 
and  a  transportation  system  (among  other  things)  which  is  ill-equipped  to  deal 
with  such  growth? 

Simple  rehabilitation  and  low-rise  infill  of  the  existing  buildings 
should  have  been  an  alternative,  and  the  options  should  have  been  spelled  out 
in  the  BRA  scope  and  assessed  for  traffic/transit  impacts  in  the  report. 


The  wind  study  appears  to  be  done  in  complete  isolation  to  any  previous 
studies.  Was  the  proponent  aware  that  a  wind  study  was  done  for  the  Dewey 
Square  Office  Tower  ("One  Financial  Center)"  in  August  1980  by  the  Boundary 
Layer  Wind  Tunnel  Laboratory  of  the  University  of  Western  Ontario?  This  report 
was  part  of  the  MEPA  submission  for  EOEA  #3810  and  there  was  an  overlapping 
area  where  similar  points  were  measured  for  mean  wind  and  gust  speeds. 

The  1980  study  considered  a  "No  Build"  without  the  Dewey  Sq.  tower  and 
a  "Build  Case"  with  mitigation  (trees).   The  125  Summer  St.  Report  begins  with 
the  Dewey  Square  Build  and  then  adds  the  new  tower. 
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The  first  table  below  shows  the  mean  wind  speeds  over  one  hour  which 
are  exceeded  1%  of  the  time  during  the  year  : 

WIND-TUNNEL  PROJECTIONS  OF  MEAN  WIND  SPEEDS  EXCEEDED  1%  OF  THE  TIME 

dYMEY   SQ.  #3810       125  SUMMER  ST.  STIT)Y 
MEASUREMENT  LOCATION      NO-BUILD     BUILD       NO-BUILD   BUILD 


#2   HIGH/SLWIER  (NE  Corner  of  site)   10.3      14.8 
#4   SOUTH /PURCHASE  (SE  corner)        -        16.1 

#11   100  Summer  St.  (SW  corner) 

at  Devonshire 
#16  SUMMER  &  ATLANTIC  14.7      16.0 

at  Dewey  Sq .  Tower  NE 
#17  SOUTH/ESSEX  15.3      20.8 

at  Dewey  Sq .  Tower  SW 
#25  SUMMER/PURCHASE  15.1      16.0 

at  Dewey  Sq .  Tower  N 
#26  SLWtER/PURCHASE  15.8      19.4 

Northeast  corner 
#27  SUMMER/PURCHASE,  N.  corner       -       14.4 

South  of  Fuduciary  Trust 


16.4 

16.7 

14.4 

14.9 

[25.2] 

[26.2] 

20.5 

20.3 

24.5 

24.1 

28.5 

28.1 

28.0 

27.2 

29.1 

26.3 

AVERAGE  :   16.8         23.1      22.5 


The  table  below  compares  the  estimated  wind  gust  speeds  which  are  exceeded  1% 
of  the  time  : 

WIND-TL'NNEL  PROJECTIONS  OF  GUST  WIND  SPEEDS  EXCEEDED  1%  OF  THE  TIME 

DEWEY  SQ.  #3810       125  Sl'MMER  ST.  STIDY 
MEASUREMENT  LOCATION       NO-BUILD     BUILD       NO-BUILD   BUILD 


#2   HIGH/SUMMER  (NE  Corner  of  site)  16.2 
#4   SOUTH /PURCHASE  (SE  corner) 

#11   100  Summer  St.  (SW  corner) 

at  Devonshire 
#16  SUMMER  &  ATLANTIC 

at  Dewey  Sq.  Tower  NE 
#17  SOLTH/ESSEX 

at  Dewey  Sq .  Tower  SW 
#25  Sl'MMER/PURCHASE 

at  Dewey  Sq .  Tower  N 
#26  SUMMER /PURCHASE 

Northeast  corner 
#27  SUMMER/PURCHASE,  N.  corner 

South  of  Fuduciary  Trust 


16.2 

22.1 

- 

22.9 

22.2 

21.5 

24.4 

28.8 

22.2 

21.5 

21.9 

26.9 

^ 

21.9 

26.5 

26.1 

22.8 

22.2 

32.6 

34.0 

30.6 

30.5 

34.3 

34.2 

37.3 

36.9 

37.  S 

37.2 

38.1 

35.4 

The  #3810  BUILD  and  125  Sunnner  NO-BUILD  should  be  fairly  comparable, 
but  look  at  the  difference  in  the  wind  speeds  :  a  37%  increase  in  average  wind 
speeds.  This  data  would  lead  us  to  believe  that  with  no  new  skyscrapers  in  the 
Dewey  Square  area  there  would  be  a  37%  increase  in  wind  speed,  while  the 
addition  of  the  new  tower  at  125  Summer  Street  would  reduce  wind  speeds  by  3% 
at  7  locations.   Critics  might  reasonably  complain  that  this  result  is  counter- 
intuitive.  Others  might  be  a  little  more  blunt  :  it  doesn't  make  any  sense  at 
all. 

The  wind  study  has  such  comforting  conclusions  :  "the  addition  of  the 
new  building  at  125  Summer  Street  has  little  net  effect  on  local  winds...  In 
short,  the  project  has  little  net  effect  on  local  wind  environment."  Such 
studies  would  tend  to  make  us  believe  that  tall  buildings  are  not  the  cause  of 
aggravated  wind  conditions  for  pedestrians.   Everyone  is  reassured,  and  the 
developers  get  just  what  they  want  to  hear. 

How  delicately  the  wind  report  discussed  the  wind  conditions  at  the 
corner  of  100  Summer  Street,  the  "lollypop  building."  The  reader  would  never 
know  that  the  owner  was  compelled  to  install  railings  at  the  south  west  corner 
of  the  building  so  that  pedestrians  would  have  something  to  hang  onto  when  the 
winds  got  too  fierce.  Reportedly,  the  building  owner  has  been  sued  by 
pedestrians  who  had  been  blown  about  by  the  wind  and  injured,  and  in  one 
case  the  lawyers  took  a  look  at  a  $10,000  claim  and  the  local  wind  conditions 
and  advised  their  client  to  pay.  Several  years  ago,  the  Boston  Globe  carried 
a  front  page  picture  of  a  young  woman  in  mid-air,  having  been  blown  off  her 
feet  at  the  corner  of  100  Summer  Street.   It  was  a  somewhat  inelegant  position 
from  which  to  become  a  front  page  celebrity,  and  the  Globe  followed  up  with  a 
personal  interview  the  next  day.  Apparently,  it  was  a  predictably  windy  day, 
and  the  photo  was  no  accident.  The  photographer  went  to  the  worst  and  windiest 
spot  on  a  windy  day  to  get  his  picture.   A  little  bit  of  perseverence  caught  a 
secretary  with  her  feet  swooshed  up  in  the  air. 

The  southwest  corner  of  100  Summer  Street  is  probably  the  worst 
pedestrian  environment  in  the  entire  city.   The  installed  railings  for 
pedestrians  are  testimony  to  this  fact,  even  on  a  quiet  day.   Somehow  the  wind 
gets  channeled  down  to  this  corner  and  creates  mayhem.   The  miracle  is  that 
people  put  up  with  it.   $10,000  lawsuits?  Maybe  we  need  a  few  million  dollar 
class  action  suits  filed  by  aggrieved  pedestrians  challenging  such  atrocities 
against  the  walking  environment.   So  far,  nothing  else  has  worked.   If  we're 
lucky,  we  may  get  a  handrail,  while  the  dust  blows  in  our  face  and  we  hang  on 
for  dear  life.   Imagine  what  would  happen  if  a  driver  in  a  car  were  picked  up, 
blown  around  and  dumped  back  to  the  ground  with  a  jarring  crash.   The  protests, 
the  media  coverage,  the  court-suits  would  be  legendary.  The  problem  seems  to 
be  that  the  pedestrians  have  no  voice,  no  lobbying  arm. 

Who  is  the  defender  of  the  pedestrian's  interests  :  the  BRA,  which 
seems  to  be  the  developer's  advocate?  The  Transportation  department  which 
traditionally  has  focussed  on  vehicles  and  how  to  park  them?   A  suggestion  : 
let's  get  the  wind  consultant,  the  BRA  and  the  traffic  planners  to  all  stand  on 
the  corner  of  100  Summer  Street  on  a  windyjday.   Let  them  make  wind 
measurements  and  observations  at  this  site  (which  reportedly  will  have  wind 
speeds  increased  by  1  MPH  or  4%  by  the  125  Summer  Street  tower.)   Let  them 
dwell  on  the  fact  that  the  125 -Summer  Report  shows  5  locations  which  will  have 
higher  gust  speeds  than  the  corner  of  100  Summer  Street.   If  they  have  the 
courage  to  stay  on  this  corner  for  more  than  a  few  minutes  on  a  windy  day,  ray 
hat's  off  to  them.   And  I'd  better  go  chase  it. 
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Now  here  is  the  clincher  :  despite  claims  of  26  MPH  mean  wind  speed 
and  3^  MPH  gust  speeds,  the  100  Summer  Street  location  —  handrail  and  all  — 
is  described  in  the  report  as  "marginally  acceptable"  for  both  the  Melbourne 
and  BRA  criteria.  (However,  this  appears  to  be  an  error  and  the  BRA  criteria  of 
23.5  MPH  is  indeed  exceeded  at  5  locations).  The  report  does  not  mention  that 
the  Melbourne  Criteria  of  "Dangerous"  applies  to  three  locations  in  Dewey 
Square.   The  thought  that  anyone  could  calmly  discuss  the  100  Summer  Street 
location  as  "marginally  acceptable"  by  any  rational  criterion  suggests  that 
something  is  terribly  wrong  here. 

The  wind  criteria  appear  to  be  on  the  high  side  and  do  not  appear  to  be 
calibrated  against  actual  sidewalk  experience.  The  modeling  is  very  complex 
and  the  BRA  does  not  have  the  technical  expertise  to  review  the  wind 
consultant's  work.   Neither  does  MEPA.  The  experts  need  to  translate  their 
results  into  a  format  which  is  more  understandable  to  laymen.   For  example, 
increases  in  wind  speed  means  much  more  horizontal  force  and  instability 
affecting  bipeds.  A  simple  indication  of  speed  increment  or  percentage 
difference  may  be  misleading.   Indeed,  a  wind  speed  increase  from  1  mph  to 
2  mph  may  be  far  more  acceptable  than  one  from  27  mph  to  28  mph.  Someone  has 
to  think  more  clearly  about  these  issues  if  we  are  to  face  up  to  a  future 
Boston  of  many  highrise  buildings. 

The  Assessment  report  notes  on  page  4.1-56  that  wind  speeds  of  29  mph 
were  measured  in  the  vicinity  of  125  Summer.  What  would  the  model  predict 
under  similar  prevailing  wind  conditions?  This  information  should  be  used  to 
calibrate  the  model. 


TRANSIT  ANALYSIS  ================== 


Transit  analysis  has  now  come  full  circle,  geographically.  The  first 
EIR  which  was  scoped  for  transit  analysis  was  the  Dewey  Square  tower  (#3810), 
because  the  proponent  claimed  that  90%  of  the  trips  would  be  made  by  transit. 
When  the  Draft  EIR  came  out,  it  set  a  pattern  for  many  studies  which  followed, 
summarized  as  follows  : 

*  Obtain  a  passenger  count  from  the  MBTA 

*  Idealize  a  line  capacity  based  on  scheduled  train  performance 

*  Calculate  a  V/C  ratio  or  otherwise  show  that  under  either  Build  or 

No-Build  conditions  the  transit  system  is  running  just  fine. 

*  Everyone  lives  happily  ever  after,  and  no  mitigation  is  required. 

The  MEPA  experience  with  the  effects  of  the  1980-81  MBTA  fare  increases 
showed  that  the  Authority  only  had  the  vaguest  sense  of  what  its  ridership  was. 
Maybe  taking  more  than  one  sample  trip  measurement  supplied  by  the  MBTA  and 
instead  trying  to  establish  some  sort  of  average  in  recent  years  (including  a 
trend  line)  would  be  far  more  accurate  and  useful. 

Transit  capacity  calculations  are  invariably  based  on  using  announced 
MBTA  schedules,  which  may  or  may  not  be  adhered  to,  even  on  days  of  rider 
counting.   An  alternate  source  is  CTPS ,  which  also  has  a  history  of  idealizing 
capacity . 
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l>/hen  EIR  #3810,  prepared  by  HMM,  compared  ridership  with  capacity,  they 
produced  V/C  ratios  of  0.58  to  0.63  on  the  Red  Line  in  the  peak  hour,  0.31  to 
0.51  on  the  Green  Line  and  0.75-0.78  on  the  Orange  Line.   At  the  same  time, 
MBTA  patrons  from  Quincy  to  Newton  were  getting  on  jammed  transit  cars.   Either 
people  got  very  much  fatter  all  of  a  sudden,  or  there  is  something  quite  wrong 
with  the  V/C  calculations. 

The  errors  have  been  compounded  by  various  consultants  over  the  years, 
to  claim  that  switching  from  4-6  cars  will  increase  capacity  by  50%  (only  a 
50%  increase  in  cars  will  do  that,  and  such  long-term  growth  in  not 
anticipated).  Also,  no  allowance  is  made  for  uneven  loading,  train  bunching, 
missed  trips,  and  peak  hour  factors.   All  of  these  factors  are  known  and 
measurable  for  roadway  traffic,  and  the  traffic  engineers  do  a  much  better 
job  of  dealing  with  them.  The  transit  capacity  analysis  which  says  in  effect 
that  "the  Green  Line  is  half  empty!"  flies  in  the  face  of  the  actual 
performance  which  real  world  >fBTA  riders  have  come  to  know  only  too  well. 

And  all  the  consultants  know  it  too,  every  last  one  of  them.   So  why  do 
they  produce  such  reports  saying  the  MBTA  service  is  absolutely  wonderful?  Need 
I  tell  the  story  about  the  consultant  who  used  to  ride  the  Red  Line  to  work 
until  one  day  he  rode  all  the  way  with  his  nose  squished  up  against  a  door 
window  and  logically  asked  himself  what  he  was  doing  there  . . .  and  thereafter 
drove  to  work?  The  tragedy  of  our  traffic  engineers  is  that  they  are  the  ones 
best  positioned  by  training,  experience  and  knowledge  to  produce  reports  which 
would  provide  quality  assessments  of  transit  service,  operations  and 
mitigation.   Instead,  they  produce  starry-eyed  fictions  about  the  Green  Line 
being  half  empty  in  the  peak  hour.  What  a  shame.  What  a  lost  opportunity. 

Is  there  any  evidence  that  the  BRA  is  concerned  about  the  quality  of 
transit  analyses?  Would  it  know  what  a  good  study  should  look  like?  Would  it 
know  what  to  do  if  a  good  study  was  submitted?  The  Authority  did  not  produce  a 
distinguished  analysis  of  the  transit  aspects  of  the  500  Boylston  project. 


My  strong  recommendation  to  the  BRA  is  not  to  set  themselves  up  as  a 
municipal  environmental  review  agency  until  they  have  the  skills  and  the 
procedures  in  place.   Scopes  must  be  tightly  written,  and  there  must  be 
documented  response  to  comments,  alternatives,  and  mitigation.   Reports  must  be 
complete,  with  proper  traffic  and  traffic  capacity  analysis.  The  emphasis  must 
be  on  quality  planning  and  quality  reports. 

The  community  response  to  BRA  performance  over  International  Place  and 
500  Boylston  Street  does  not  tend  to  build  up  the  credibility  of  the  BRA,   The 
next  step  should  be  to  reject  this  incomplete  report,  set  up  some  written 
regulatory  procedures,  rewrite  the  scope  and  require  developers  to  submit 
complete,  quality  reports.    Sounds  simple  but  it  is  not.   A  lot  of  work  is 
required,  but  it  is  a  worthy  goal. 


.CK. 


Stephen  H.  Kaiser,  PhD 

Traffic  and  Transportation 

Engineer 


191  Hamilton  Street 
Cambridge,  Mass.  02139 
July  7,  1986 


ADDITIONAL  TRAFFIC  AND  AIR  POLLUTION 
COMMENTS  ON  PROPOSED  125  SUMMER  STREET  OFFICE  BUILDING 
("ENVIRONMENTAL  IMPACT  ASSESSMENT"  for  BRA  May  1986) 


To       :      Boston  Redevelopment  Authority  :  attn.  Susan  Allen 

From     :      Stephen  H.  Kaiser 

Traffic  and  Transportation  Engineer 

These  comments  are  supplementary  to  my  June  16  comments  on  the  first 
part  of  the  125  Summer  Street  "Assessment"  report.  While  the  focus  of  my 
comments  will  be  on  traffic  and  air  pollution  studies,  there  is  value  in 
stepping  back  and  taking  a  look  at  the  overall  project  and  its  reports,  as  well 
as  the  health  of  the  environmental  review  process. 

While  the  "Environmental  Impact  Assessment"  for  the  125  Sumner  Street 
Office  Building  does  include  a  BRA  scope,  the  listing  of  items  is  somewhat 
brief  and  did  not  include  a  study  area  for  traffic.   In  this  way,  the 
developer/  consultant  has  greater  freedom  to  define  a  more  convenient  study 
area. 

The  scope  did  require  a  traffic  analysis  of  "access-impact  on  Central 
Artery  and  local  street  system",  yet  the  report  includes  only  an  analysis  of 
intersections.   Since  the  Central  Artery  is  usually  congested  in  both 
directions  in  the  afternoon  peak  hour,  one  can  understand  why  analysis  of  the 
Central  Artery  would  be  an  embarrassingly  unresolved  issue  to  study.  Why  did 
the  assessment  report  not  cover  Central  Artery  impacts  as  called  for  in  the 
scope?  Not  enough  time?  No  pressing  desire?  The  only  solution  is  to  go  back 
and  evaluate  Central  Artery  impacts,  as  required  by  the  scope. 

Because  the  study  area  was  not  specified,  the  Assessment  Report  looks 
at  background  growth  only  in  the  general  downtown  Boston  area.  This  decision 
effectively  says  that  traffic  growth  by  1989  from  all  of  South  Boston  is  zero. 
Any  other  development  or  background  growth  is  also  zero,  which  is  peculiar, 
since  the  500  Boylston  Report  (just  as  on  example)  showed  development  traffic 
heading  towards  the  South  Station  area. 
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The  supplementary  report  also  does  not  cover  demand/capacity  analysis 
for  pedestrians  or  connections  to  transit  stations  or  operational  parking 
issues.  The  Supplemental  Report  on  "Transportation"  is  not  complete,  because 
other  pieces  of  the  transportation  scope  are  included  in  the  original 
Assessment  Report.  With  the  transportation  issue  so  fragmented  between  the 
two  reports,  how  can  we  tell  whether  or  not  the  scope  items  were  complied  with? 
It  does  appear  that  haste  makes  waste  and  that  some  scope  items  were  lost  in 
the  rush  to  get  both  the  original  report  and  the  supplemental  report  submitted 
to  the  BRA.  UTio  is  responsible  for  Quality  Control  as  part  of  the  BRA  planning 
process? 

The  transportation  analysis  overall  is  all  to  typical  of  modern  inner 
city  development  studies  : 

1.  Intersections  are  looked  at  in  isolation,  and  perfect  signal  timing  is 
assumed . 

2.  Discussion  of  key  bottlenecks  or  congestion  points  (such  as  the  Central 
Artery)  are  avoided  if  possible. 

3.  Future  intersections  show  V/C  ratios  in  excess  of  1.00  (in  this  case 
4  locations  for  1989  PM  Build),  yet  there  is  no  discussion  of  queues, 
delays,  diverted  traffic,  impacts  on  adjacent  intersections,  or 
possible  mitigation.   In  other  words,  these  is  no  discussion  of  what 
will  actually  happen  with  1989  real  world  traffic  when  demand  exceeds 
capacity.  The  matter  is  just  dropped.  It  most  definitely  is  not 
"assessed. " 

4.  Whenever  a  parking  shortfall  is  forecast,  there  is  seldom  discussion  of 
where  the  parking  demand  surplus  would  go.  With  a  parking  shortfall  of 
150  cars  at  the  125  Summer  site,  where  will  these  cars  go? 

5.  Present  and  future  transit  operations  are  glowingly  described  as 
being  well  under  capacity.  Everything  is  sugar  and  cream.   These 
calculations  are  achieved  by  estimating  a  system  capacity  which  is 
far  greater  than  the  MBTA  can  currently  deliver.   In  some  traffic 
calculations  (such  as  the  1.41  existing  V/C  at  Dewey  Square),  the 
methods  are  unduly  pessimistic  ("conservative").   Virtually  all 
transit  studies  —  including  that  for  125  Summer  Street  —  are  based 
on  starry-eyed  optimism  which  no  one  should  believe,  especially 
those  familiar  with  the  realities  of  everyday  MBTA  service. 

The  500  Boylston  Report  was  in  many  ways  far  superior  with  regard  to 
traffic  and  pedestrians,  because  it  at  least  faced  up  to  V/C  ratios  of  0.90  and 
above  and  explicitly  sought  mitigation.  The  125  Summer  report  does  not,  even 
to  the  point  of  not  assessing  pedestrian  impacts  on  the  Summer/Lincoln/Bedford 
intersection,  currently  without  a  pedestrian  phase. 

How  does  the  BRA  review  such  a  fragmented  report"!"  I  would  urge  that 
the  city  Transportation  Department  be  closely  involved  in  any  review  and 
writing  of  scopes,  so  that  we  can  do  a  better  job  of  producing  quality 
assessment  reports  in  a  manner  to  defend  the  public  interest. 
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AIR  QUALITY  = 


The  quality  of  our  air  is  a  very  important  issue.  The  quality  of  our 
air  pollution  studies  is  also  important,  and  on  this  matter  I  am  on  the  side  of 
the  consultant  and  the  developer. 

The  Assessment  Report  uses  the  "EPA  Volume  9"  method  of  calculating  air 
pollution  levels.  One  can  ask  a  good  question  :  how  can  any  air  pollution 
analysis  method  deal  with  V/C  ratios  of  1.25?  The  more  fundamental  issue  is 
the  failure  of  Volume  9  to  yield  credible  results  from  the  MEPA  process.  MEPA 
has  switched  over  to  the  Caline-3  model,  which  may  possibly  be  an  improvement, 
but  the  record  of  accuracy  in  air  pollution  modeling  is  most  uninspiring.   The 
fact  that  air  quality  standards  are  violated,  as  the  125  Summer  report  claims, 
may  be  significant,  but  more  probably  it  may  not  be  —  against  because  of  the 
poor  track  record  of  the  air  pollution  model. 

The  goal  of  air  pollution  modeling  (as  with  traffic,  wind  and  others) 
is  always  to  try  to  improve  the  state  of  the  art.  The  constant  repetition  of 
air  pollution  modeling  using  Volume  9  without  recognizing  or  trying  to  correct 
its  errors  is  a  waste  of  everyone's  time.  The  developer  should  not  be  required 
to  pay  for  this  meaningless  exercise,  and  the  consultant  should  not  be  expected 
to  sacrifice  professional  standards  by  going  through  any  process  which  so 
clearly  lacks  both  quality  and  a  goal  of  quality  improvement. 


Stephen  H.  Kaiser,  PhD 
Traffic  and  Transportation 

Engineer 


Tech  Environmental,  Inc. 

60  Birmingham  ParKway.  Boston  Massacfiusetis  02135 
Phone  (617)  254-5283 


July  8,  1986 


Mr.  William  R.  Barbato 

Project  Engineer 

Boston  Redevelopment  Authority 

1  City  Hall  Square 

Boston,  MA   02201 

Re:   Review  of  Air  Quality  Analysis  for 
125  Summer  Street 


;ivi 

ENGINEERINQ 
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Dear  Bill: 

As  you  requested,  I  have  reviewed  both  the  original  EIA  on 
this  project  dated  May  23,  1986  as  well  as  the  Supplement 
dated  June  13,  1986.   My  comments  can  be  summarized  as 
follows: 

.  The  selection  of  analytical  techniques  and 
assumptions  are  inappropriate  and  out-of-date 
in  some  cases. 


.  In  three  areas,  assumptions  that  are  at  odds 
with  DEQE/EPA  policy  or  data  elsewhere  in  the 
EIA  act  to  underestimate  project  impacts. 

.  The  air  quality  analysis  is  curiously  short  on 
discussion  of  the  large  violations  of  the  National 
Ambient  Air  Quality  Standards  that  are  predicted 
(page  2-18  of  the  Supplement) ,  and  fails  to 
demonstrate  that  the  development  is  consistent  with 
the  Massachusetts  State  Implementation  Plan.   Simply 
put,  the  analysis  fails  to  show  the  project  will  not 
interfere  with  the  attainment  and  maintenance  of  the 
standards  for  carbon  monoxide  (CO) . 

Selection  of  Study  Intersections 

The  BRA  Scope  indicates  air  quality  impacts  from  traffic 
generated  by  the  project  should  be  studied  if  significant 
degradation  of  Level  of  Service  occurs.   One  intersection  that 
was  not  studied  is  Summer  Street/Atlantic  Avenue  (Dewey  Square) . 
This  is  undeniably  the  worst  congested  intersection  near  the 
project  and  is  already  over-capacity.   The  LOS  analysis  (page  1- 
4  of  the  Supplement  shows  project  traffic  will  increase  the  V/C 
ratio  from  l".  10  to  1.16. 
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The  project  does  not  "degrade  LOS"  at  this  location  only 
because  traffic  engineers  assign  all  V/C  values  over  1.0  to 
category  F.   The  traffic  data  suggest  this  intersection  is 
likely  to  have  the  highest  No-Build  CO  levels  in  the  project 
area,  and  therefore  any  increase  by  the  project  will  be  more 
significant  here  than  at  other  locations.   Given  that  air 
quality  standard  violations  are  predicted  at  the  Surface 
Artery/Essex  Street/Lincoln  Street  intersection  which  has  a 
better  LOS  than  Dewey  Square,  you  may  want  to  consider  whether 
the  latter  also  warrants  study. 

Analytical  Techniques 

The  analysis  used  three  modeling  procedures:   M0BILE3  for 
emissions,  GCA  CO  Hot  Spot  Guidelines  for  microscale  impacts, 
and  Halitsky's  gas  diffusion  equations  for  garage  exhaust 
impacts . 

MOBILES  is  the  correct  choice  for  emissions  modeling.   The  data 
input  to  this  model  are,  however,  a  bit  out-of-date.   The 
analysis  used  a  1983  motor  vehicle  age  distribution  and  a  15% 
stringency  factor  for  I&M  testing.   DEQE  has  data  available  for 
1985  on  the  motor  vehicle  age  distributions  and  they  have  lowered 
the  stringency  factor  to  13%.   Some  changes  are  good  news,  and 
these  act  to  lower  motor  vehicle  emission  rates.   A  revised 
MOBILES  computer  run  is  enclosed  and  shows  CO  rates  about  30% 
lower  than  those  in  the  EIA  Supplement. 

The  GCA  Hot  Spot  Guidelines  are  a  screening  technique  which  are 
used  to  answer  the  question:  does  an  intersection  have  the 
potential  to  violate  CO  standards?   Given  the  number  of  EIRs 
filed  on  projects  in  the  Dewey  Square  area  and  the  latest  CO 
data  from  Massachusetts  DEQE  that  show  continued  violations  of 
CO  standards  at  their  Essex  Street  monitor,  sufficient  data 
already  existed  to  answer  the  question.   The  answer  is  yes.   My 
point  is  that  more  refined  modeling  techniques  should  have  been 
used  from  the  start.   Both  DEQE^  and  EPA^  Region  I  published 
policy  guidance  would  argue  for  the  type  of  refined  microscale 
modeling  that  is  commonly  required  by  MEPA,  particularly  since 
this  section  of  Boston  is  classified  as  a  Nonattainment  Area 
for  CO. 


^DEQE  Division  of  Air  Quality  Control,  "Indirect  Source  Guide- 
lines", June  1984. 

^EPA  Region  I,  "EPA  Region  I  Mobile  Source  Modeling  Procedures", 
1985. 
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The  air  quality  results  shown  on  page   2-18  of  the  Supplement 
simply  say  yes,  there  is  potential  to  violate  the  standards. 
What  is  missing  is  the  refined  modeling  analysis  that  will 
tell  us  where  violations,  if  any,  do  and  will  occur.   DEQE 
policy^  states  that  for  microscale  analysis  they  "prefer 
CALINE-3,  adapted  for  intersection  analysis  according  to  EPA 
guidance".   This  is  the  model  that  should  have  been  used. 

Halitsky's  equations  are  appropriate  for  modeling  garage 
emissions.   The  analysis  fails  to  follow  the  BRA  Scope,  however, 
in  examining  the  impacts  from  the  Central  Artery  vent  shaft. 
Vent  shaft  impacts  are  only  calculated  for  receptor  2.   They 
should  also  be  added  into  the  total  concentrations  at  the  other 
two  receptors.   In  particular,  receptor  3  is  directly  across 
the  street  from  the  vent  shaft  and  has  extremely  high  CO  levels 
from  just  intersection  impacts  (page   2-18  of  the  Supplement) . 

Assumptions 

Assumptions  are  made  in  three  areas  that  I  believe  are  at  odds 
with  DEQE/EPA  policy  or  published  data,  and  act  to  underestimate 
impacts.   The  first  assumption  is  that  full  roadway  capacity  is 
available  at  the  three  intersections.   In  Appendix  A  of  the 
Supplement,  data  from  Vanasse/Hangen  indicate  heavy  pedestrian 
movements  during  peak  hour  reduce  roadway  capacity  by  20%  at 
Essex  St. /Lincoln  St. /Surface  Artery  and  South  St. /Surface 
Artery,  and  by  30%  at  Summer  St. /Lincoln  St. /Bedford  St.   The 
capacity  reductions  are  real  to  anyone  who  drives  this  area  at 
rush  hour.   I  do  not  believe,  based  on  the  report's  contents, 
that  the  air  quality  analysis  accounted  for  these  reductions  in 
capacity.   It  should. 

The  second  assumption  is  that  8-hour  concentrations  can  be 
scaled  from  1-hour  concentrations  by  a  factor  of  0.33.   This 
number  is  not  recommended  by  either  DEQE  or  EPA,  and  is 
contradicted  by  nearby  DEQE  monitoring  data.   DEQE  recommends^ 
a  factor  of  0.6  to  0.7,  while  EPA  endorses^  the  value  of  0.7. 
In  addition,  data  from  DEQE's  Essex  Street  monitoring  station* 
support  the  use  of  a  factor  that  is  0.6.   I  doubt  that  the  number 
of  0.33  used  in  the  analysis  was  reviewed  with  either  agency  in 
advance. 


DEQE  Division  of  Air  Quality  Control,  "Technical  Memorandum  #2 
Persistence  Factors",  1982. 

''DEQE  Division  of  Air  Quality  Control,  "1984  Air  Quality  Data 
Report",  1985. 
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The  third  assumption  is  that  background  levels  of  5.0  ppm 
(1-hour)  and  3.0  ppm  (8-hour)  are  representative  of  the  project 
area  (page   2-4  of  the  Supplement) .   It  is  true  that  these 
numbers  can  be  found  in  DEQE ' s  background  policy  document.   It 
is  also  true  that  recent  CO  monitoring  data  from  DEQE ' s  Essex 
Street  station  suggest  even  higher  numbers  may  apply  in  this 
area  of  downtown  Boston.   And  in  fact,  DEQE  has  required  higher 
background  levels  for  a  study  of  air  quality  in  the  Washington 
Street/Kneeland  Street  corridor.   It  would  strengthen  this 
section  of  the  report  if  the  author  quoted  the  person  at  DEQE 
who  "determined"  the  background  levels  and  the  date  of  his 
communication  with  the  agency. 

Discussion  of  Results 

Having  predicted  some  unusually  large  violations  of  the  CO 
standards  (page   2-18),  the  analysis  fails  to  properly  interpret 
the  numbers.   First,  as  has  been  said  before,  impacts  above 
standards  from  a  screening  model  do  not  indicate  a  violation 
necessarily  exists.   They  do  say  that  refined  modeling  should  be 
done  to  answer  the  question. 

The  results  do  not  show,  as  claimed  on  page   2-17,  that  "the 
project  is  not  the  cause  of  an  exceedance  of  the  NAAQS  at  any 
receptor".   It  may  very  well  be  that  1989  No-Build  1-hour  CO 
levels  at  receptor  3  from  a  refined  analysis  turn  out  to  be 
34  ppm,  and  the  project,  by  adding  1.4  ppm,  causes  a  violation 
by  bringing  the  total  over  3  5  ppm. 

More  importantly,  any  project  that  increases  air  pollution 
needs  to  be  evaluated  by  the  test  DEQE  would  apply,  namely 
does  it  interfere  with  the  attainment  or  maintenance  of 
standards?   If  there  is  already  a  violation  of  public  health 
standards  and  a  project  adds  another  1.4  ppm  (page   2-17),  it 
is  interfering  with  efforts  to  attain  the  standards.   In  such 
a  case,  a  developer  needs  to  fully  mitigate  such  an  increase. 

It  may  turn  out  that  125  Summer  Street  does  not  interfere  with 
the  State  Implementation  Plan  to  attain  and  maintain  CO 
standards.   The  EIA  and  its  Supplement  though  do  not  provide 
enough  to  reach  that  conclusion. 
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Please  call  if  you  have  any  questions  about  this  review.   I 
would  also  like  to  note  that  Tech  Environmental  can  provide 
technical  assistance  to  the  BRA  on  other  environmental  topics. 
Thank  you  for  the  opportunity  to  serve  the  Boston  Redevelopment 
Authority. 

Sincerely, 

TECH  ENVIRONMENTAL,  INC. 

Peter  H.  Guldberg 

Certified  Consulting  Meteorologist 
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(3)  TABLE  7  -  PUBLIC  SITES 
1984  CARBON  MONOXIDE  MONITORING  RESULTS 


CO  Units :  mg/M3 


Saroad 


Inscrumenc 
Mectiod 


Numoer 

of 

Hourly 

ODS  . 


Max. 
1  tir. 
obs. 


Ind. 
Max. 

1  tir. 


Max. 

8  hr. 
obs . 


2nd. 
Max. 
8  hr 


If  ot  8   hr 
averages 
aoove  10 


Worcester 


Lowell 


Boston 
Boston 
Boston 
Boston 


CENTRAL  MASSACHUSETTS  AIR  QUALITY  CONTROL  REGION  (1 18) 
2640-020     11      8346     32    23    14    12 

MERRIMACK  VALLEY  AIR  QUALITY  CONTROL  REGION  (121) 
1080-007     11      7731     31    25    15    13     '. 
METROPOLITAN  BOSTON  AIR  QUALITY  CONTROL  REGION  (119) 


0240-002 
0240-015 
0240-021 
0240-022 


15 
14 
16 
22 


12 

10 

9 

13 

7 

7 

14 

8 

7 

20 

13 

12 

0 
0 
0 
4 


^S5»>c9mr  PIONEER  VALLEY  AIR  QUALITY  CONTROL  REGION  (042) 


Springfield 
Springfield 


2160-007 
2160-014 


** 


When  total  ooservations  are  less  tnan  6,570,  the  sample  cannot  be 
guaranteed  to  contain  the  actual  maximum  concentration  value  for  the 
year.   An  ooservation  is  a  single  hourly  reading  at  a  site.   Caroon 
monoxide  data  are  collected  throughout  the  year;  100  percent  data  capture 
during  this  period  represents  8,760  hourly  ooservations. 
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Boston  Water  and 
S«wer  Commission 


10  Post  Office  Square 
Boston.  Massachusetts  02109 
61 7-426-6046 


June  23,  1986 


Mr.  Stephen  Coyle,  Director 
Boston  Redevelopment  Authority 
Boston  City  rfall 
One  City  Hall  Square 
Boston,  Massachusetts  02201 


RE:   125  Summer  Street- 
Draft  Environmental 
Report 


Assessment 


Dear  Mr.  Coyle: 

In  response  to  your  letter  dated  May  27,  1986,  the 
Boston  Water  and  Sewer  Commission  has  reviewed  the  above- 
referenced  document  and  has  the  following  comments: 

1.  The  description  of  flow  trans- 
port in  the  East  Side  and  Bos- 
ton Main  Interceptors  is  either 
incorrect  or  needs  to  be  updated. 

2.  Adequacy  of  Boston  Water  and  Sew- 
er Commission's  water. lines  to 
supply  the  projected  demands  for 
this  project  is  not  addressed. 

3.  The  stated  average  daily  water 
usage  (80,000  6PD)  estimated  for 
this  Development  appears  excessive. 
Boston  Water  and  Sewer  Commission 
requests  figures  on  the  air  con- 
ditioning water  requirements. 


The  Boston  Water  and  Sewer  Commission's  Engineering 
staff  would  be  pleased  to  meet  with  the  Project's  propo- 
nent or  representative  to  discuss  these  concerns. 


CB/JP 

cc:  Mr.  Joseph  Fallon 


Very  truly  vours  , 

Charles  Button,  P.E. 
Chief  Engineer 

A . W .  Perry  ,  Inc . / 
Jaymont  (U.S.A.),  Inc. 


2.2   RESPONSE  TO  COMMENTS  ON  DRAFT  EIA 

Following  is  a  summary  of  comments  on  the  DEIA  and 
responses  to  each  comment. 

2.2.1   BRA  LETTER 

General  Format 

Comment  —  "The  Final  EIA  must  be  submitted  as  a  single 
document  and  is  to  include  all  the  information  and  analyses 
required  for  the  Draft  document,  as  well  as  the  Access 
Plan.   Improvements  in  the  graphics  are  encouraged;  many 
are  difficult  to  read  and  lack  important  elements  (e.g., 
street  names)." 

Response  —  This  FEIA  document  includes  all  the  information 
and  analyses  required  for  the  DEIA  and  a  copy  of  the  Access 
Plan  is  included  in  Section  4. A.   Several  maps  and  graphics 
from  the  DEIA  which  reproduced  poorly  were  redrawn  to 
improve  quality  in  the  FEIA. 

Comment  —  "In  addition,  a  summary  of  the  Report  and  its 
findings,  brief  and  understandable  by  the  lay  person, 
should  be  included  in  the  Final  report.   This  may  be 
included  as  a  separate  section  at  the  beginning  of  each 
section. " 

Response  —  A  summary  of  the  Final  EIA,  including  findings, 
has  been  included  as  a  separate  section  at  the  beginning  of 
the  report. 


1196/3305f 


2.2-1 


Comment  --  "The  Final  report  should  incluae  a  copy  of  the 
Transportation  Study  scope,  this  letter  and  public  comments 
on  the  draft  reports." 

Response  —  A  copy  of  the  Transportation  Study  Scope  has 
been  included  in  the  FEIA  in  Section  2.1. 

Project  Description 

Comment  —  "The  Project  Description  section  should  be 
corrected  to  provide  the  most  current  information  on  the 
project  (e.g.,  the  tower  is  22,  not  23  stories,  the  site  is 
31,100  square  feet  in  area,  etc.).   Project  drawings 
likewise,  should  be  updated  to  reflect  changes  in 
schematics,  dated  July  1986." 

Response  —  The  FEIA  has  been  upoateo  to  provide  the  most 
current  information  on  the  project,  such  as  the  number  of 
stories  of  the  proposed  tower  ana  the  correct  square 
footage  of  the  area.   Project  schematics  have  been  updated 
to  reflect  changes  since  the  submittal  of  the  DEIA. 

Comment  —  "The  Final  EIA  should  also  describe  in  some 
detail  the  interior  and  exterior  public  improvements  that 
are  included  in  the  project,  indicating  the  types  of  retail 
shops  to  be  provided  in  the  project,  the  nature  of  street 
level  interaction,  and  planned  landscaping  features." 

Response  —  The  Project  Description  in  the  FEIA  includes 
additional  language  to  describe  street  level  retail 
activity  and  planned  landscaping  features. 
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Peaestrian  Level  Wing  Impact 

Comment  —  "With  regara  to  the  discussion  of  "Wind 
Significance  Criteria"  (Section  A. 1.3),  although  the  31  mph 
(not  31.5  mph  as  reported  on  page  4.1-45  ana  Appendix  B-17) 
effective  gust  velocity  threshold  is  the  primary  BRA 
standard  for  measuring  wind  acceptability,  the  BRA  also 
makes  use  of  the  Melbourne  Criteria  for  evaluating 
conditions  with  respect  to  types  of  activities  (walking, 
sitting,  etc.).   The  text  should  be  revised  to  reflect  this 
and  should  also  list  the  criteria  by  type  of  activity." 

Response  --  The  text  has  been  revised  to  include  the 
Melbourne  Criteria  for  evaluating  conditions  with  respect 
to  types  of  activities  as  well  as  the  gust  velocity 
threshold . 

Comment  --  "The  wind  impact  analysis  indicates  that  there 
will  be  8  (not  7,  as  reported  on  page  4.1-56)  measurement 
locations  where  effective  gust  velocities  are  projected  to 
exceed  the  BRA  acceptability  threshold  of  31  mph.   Seven  of 
these  eight  locations  also  exceed  the  BRA  threshold  under 
the  No-Build  condition.   Although  at  five  of  these 
locations  the  wind  is  projecteo  to  be  reduced  with  the  125 
Summer  Street  building  in  place,  wine  speeds  would  be 
increased  at  two  locations  (11,  12)  and  would  be  increased 
from  marginally  acceptable  to  marginally  unacceptable  at 
Station  9  (the  northwest  corner  of  the  project  site). 
However,  no  mention  of  this  exceeoance  is  mentioned  in  the 
text.   Notwithstanding,  the  fact  that  wines  are  reduced  at 
four  of  these  locations  with  the  project  (but  still  exceed 
the  BRA  threshold),  it  is  BRA  policy  that  projects  not 
result  in  exceeoance  of  the  31  mph  threshold.   Therefore, 
the  Final  EIA  must  induce  a  discussion  of  mitigation 
measures  which  could  reduce  winds  to  acceptable  levels,  at 
least  at  those  locations  where  the  project  would  increase 
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already  unacceptable  levels  or  cause  exceedances .   Such 
mitigation  is  especially  critical  at  Station  11  (100  Summer 
Street)  which  is  a  particularly  dangerous  area  and  where 
the  project  woulo  increase  the  exceedance  from  32.6  mph  to 
34.0  mph." 

Response  —  The  text  has  been  rewritten  to  correctly  state 
the  wind  impact  analyses.   Mean  annual  winds  as  high  as  29 
mph  were  measured  at  locations  near  the  125  Summer  Street 
site.   Eight  of  the  29  measurement  locations  were  deemed  to 
be  hot  spots  at  which  the  winds  exceeded  the  BRA  gust 
velocity  criteria  of  31  mph  one  percent  of  the  time.   Seven 
of  these  eight  locations  also  exceed  the  BRA  threshold 
under  the  No-Build  condition.   At  five  of  these  locations, 
the  wino  is  projected  to  be  reduced  with  the  125  Summer 
Street  building  in  place.   Wind  speeds  are  projected  to  be 
increased  at  two  locations  (11,  12)  ana  would  be  increased 
from  marginally  acceptable  to  marginally  unacceptable 
(Melbourne  criteria)  at  station  9,  the  northwest  corner  of 
the  project  site. 

At  the  three  stations  at  which  the  wind  velocity  is 
increased,  two  stations  were  projected  to  increase  by  an 
amount  smaller  than  the  resolution  of  the  test  (1  mph). 
Only  station  11  was  projected  to  increase  by  an  amount 
greater  than  the  measurement  resolution.   A  discussion  of 
mitigating  measures  at  this  site  is  included  in  4.1.5.5. 

Figures  4.1-21  and  4.1-22  summarize  the  data  for  mean  wind 
and  gust  winds  exceeded  one  percent  of  the  time. 
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Comment  --  "Some  more  specific  points  that  require 
correction  in  the  Final  EIA  include  the  following: 

1.  Page  4.1-A5  (Paragraph  2):   The  statement  that  there 
are  only  two  locations  where  gust  winds  increase  by 
more  than  2  mph  is  incorrect.   Accoroing  to  Table 
4.1-5,  increases  of  greater  than  2  mph  also  occurred 
at  locations  3,  6,  14,  29,  and  5." 

Response  —  This  statement  was  corrected  to  assure 
accuracy.   Table  4.1-6  shows  that  there  are  several 
locations  at  which  gust  winds  increased  by  more  than  2  mph 
(points  3,  5,  6,  7,  14,  28,  29).   At  all  these  locations, 
the  1%  gust  velocities  are  less  than  31.5  mph. 

Comment 

2.  "Page  4.1-45  (Paragraph  3):   Again,  this  paragraph  is 
incorrect.   Mean  winds  do  not  increase  at  station  25 
(Table  4.1-7)  but  do  (2  mph  or  more)  at  stations  14, 
13,  8,  and  29,  as  well  as  7." 

Response  —  This  paragraph  was  rewritten  to  correctly  state 
wind  conditions.   Mean  winds  increase  by  more  than  2  mph  at 
four  stations  (7,  8,  14,  29).   In  all  of  these  locations, 
the  winds  with  125  Summer  Street  never  exceed  19  mph  more 
than  1%  of  the  time,  i.e.,  the  1%  mean  speeos  are  all  less 
than  19  mph.   If  we  refer  to  Figure  4.1-20,  we  see  that  the 
Melbourne  criteria  incicate  all  these  stations  are 
acceptable  for  walking. 
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Comment 

3.  "Page  4.1-54  (Point  10):   Since  the  BRA  acceptability 
threshold  is  31  mph,  winds  at  this  location  with  the 
building  still  are  unacceptable." 

Response  --   Point  10  is  at  the  apex  of  the  intersection  of 
Summer  ana  West  Bedford  Streets.   Here  the  highest  levels 
are  due  to  the  north  wind.   The  new  building  tends  to  lower 
the  level  due  to  the  north  wind  and  reduces  the  1%  gust 
levels  by  1.2  mph.   With  the  new  building,  this  location 
exceeos  the  1%  annual  gust  level  deemed  unacceptable  by  the 
BRA  by  only  0.2  mph. 

Comment 

4.  "Page  4.1-54  (Point  27):   Although  winds  are 
decreased  at  this  location  with  the  building,  they 
are  still  unacceptable  according  to  BRA  criterion 
(mean  speeds  not  exceeding  23  mph  (see  pg.  4.1-13))." 

Response  —  Point  27  is  at  the  south  corner  of  the 
Fiduciary  Trust  Building.   At  present  this  location  is 
dangerous.   The  new  building  reduces  the  winds  at  this 
location  to  the  point  of  being  marginally  acceptable. 
According  to  the  Melbourne  Criteria  although  the  winds  are 
decreaseo  at  this  location  with  the  building,  they  are 
still  unacceptable  according  to  the  BRA  criterion  (mean 
wind  speeds  not  exceeding  23  mph).   It  is  clear  that  the 
project  does  not  leave  an  adverse  impact,  but  rather  it 
improves  the  situation. 
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Comment 

5.  "Page  A. 1-55  (Point  25):   Accoroing  to  Table  4.1-7, 
wind  speeds  at  this  point  for  No-Build  ana  Build 
conditions  are  28.5  and  28.1  mph,  respectively,  not 
28  and  27.2  mph,  and  thus  are  still  unacceptable 
according  to  BRA  criterion." 

Response  --  Point  25  is  at  the  north  corner  of  Financial 
Center.   At  present,  this  location  is  dangerous.   The  new 
building  reduces  the  wind  from  28.5  mph  to  28.1  mph. 
Again,  an  existing  problem  is  mitigateo  by  the  project 
albeit  not  sufficiently  to  fall  below  the  BRA  criterion. 
However,  the  point  is  that  the  project  has  a  beneficial 
impact  in  this  regaro. 

Comment 

6.  "A  map  of  the  sensor  locations  with  wind  speed  data, 
inoicating  the  changes  in  wind  speeds,  should  be 
included . " 

Response  —  A  map  of  the  sensor  locations  with  wind  speed 
data,  indicating  the  changes  in  wind  speeds  had  been 
included  in  the  Executive  Summary  but  is  now  also  in  this 
FEIA  on  pages  4.1-57  and  4.1-58. 


Shaoow  Impact 


Comment  --  "The  shadow  graphics  are  rather  difficult  to 
read  ana  have  not  been  reproduceo  very  clearly.   In 
addition,  the  impact  of  the  Dewey  Sguare  tower  is  missing 
from  the  October  21,  10:00  AM  diagram  ana  does  not  appear 
to  be  correctly  shown  on  the  December  22,  9:00  AM  diagram; 
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in  both  these  cases,  the  125  Summer  Street  project  might 
create  no  or  minimal  net  new  shadows  on  Summer  Street. 
These  deficiencies  should  be  coordinated  with  the 
discussion  in  the  Final  EIA. 

The  order  of  the  shadow  diagrams  should  be  coordinated  with 
the  discussion  in  the  text." 

Response  —  The  BRA  comment  correctly  notes  that  diagrams 
for  October  21,  10:00  AM  and  December  22,  9:00  AM  did  not 
include  the  Dewey  Square  Tower.   These  diagrams  were 
redrawn  for  this  FEIA. 

The  order  of  the  diagrams  has  also  been  changed  to  coincide 
with  the  shadow  impact  discussion  in  the  text.   Moreover, 
all  diagrams  were  reproduced  with  greater  clarity. 

Transportation  Impacts 

Comment  —  "The  Final  EIA  should  explain  clearly  the 
determination  of  existing  traffic  volumes  in  relation  to 
previous  traffic  studies  in  the  same  area.   Existing 
traffic  volumes  apparently  were  obtained  from  the  1984 
Dewey  Square  Comprehensive  TSM  Program  study,  revised  (by 
actual  counts?)  to  reflect  the  current  one-way  travel  on 
Essex  Street.   However,  many  of  the  numbers  are 
significantly  different  from  the  traffic  volumes  given  in 
the  International  Place  EIR,  for  instance,  for  the  same 
intersections.   What  is  the  reason  for  this?   Are  different 
AM  and  PM  peak  time  periods  used?   Are  the  125  Summer 
Street  volumes  more  (or  less)  current  than  International 
Place?   It  would  seem  to  be  appropriate  that  a  uniform  data 
base  be  used,  updated  as  conditions  change,  and  that  these 
be  clearly  identified." 
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Response  —  The  explanation  of  the  oevelopment  of  the  base 
network  in  the  Final  EIA  has  been  expanaed  and  clarified. 
In  addition,  the  base  networks  themselves  were  reviewed  for 
consistency  with  other  downtown  studies  and,  where 
appropriate,  were  modified.   Most  modifications  are  the 
result  of  making  the  networks  consistent  with  the  base 
networks  being  developed  for  another  project  at  One  Twenty 
Five  High  Street.   The  One  Twenty  Five  High  Street  study 
area  includes  seven  intersections  in  the  125  Summer  Street 
study  area  and  an  additional  ten  intersections  to  the  north 
and  west.   The  One  Twenty  Five  High  Street  networks  are 
based  on  networks  developed  for  125  Summer  Street,  the  Milk 
ana  Broad  Street  development,  the  Fan  Pier  and  Pier  4 
developments,  and  International  Place.   These  oata  were 
supplemented  with  recent  counts,  principally  along  High  and 
Purchase  Streets.   Generally,  the  current  counts  show  lower 
approach  volumes  than  those  shown  in  the  previously 
developed  networks,  most  probably  because  of  diversions 
associated  with  the  extensive  number  of  construction 
projects  in  the  area. 

As  part  of  the  review  of  the  125  Summer  Street  networks, 
volumes  at  five  intersections  were  compared  with  Inter- 
national Place  volumes.   Of  the  ten  cases  compared  (AM  and 
PM  peak  hours  for  five  intersections),  eight  had  higher 
approach  volumes  for  125  Summer  Street  than  for  Inter- 
national Place.   Of  the  two  cases  with  lower  volumes,  one 
case  involved  only  slightly  lower  volumes.   The  Inter- 
national Place  volumes  are  based  principally  on  counts 
taken  in  1981  or  earlier  (as  far  back  as  1976).   In 
contrast,  the  125  Summer  Street  volumes  are  based  on 
projected  1987  networks  developed  for  the  Dewey  Sguare 
study.   Counts  taken  in  spring  1986  at  selected  locations 
indicate  that  the  Dewey  Square  volumes  are  probably  most 
representative  of  travel  patterns  that  would  be  expected  in 
the  area  without  diversions  oue  to  construction  disruptions, 
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The  High  Street  and  Purchase  Street  intersections  on 
Congress  Street  were  modified  on  the  AM  peak  hour  network 
to  achieve  a  balance  with  upstream  locations  (in  the  One 
Twenty  Five  High  Street  network)  along  Purchase  Street, 
High  Street  and  Congress  Street  and  to  correct  an 
improperly  posted  volume  for  the  eastbound  right  turn  at 
Congress  and  Purchase  Streets.   On  the  PM  peak  hour  network 
several  locations  were  changed  to  provide  better  balance  to 
upstream  locations  along  Congress  and  Purchase  Streets  and 
to  correct  an  imbalance  on  High  Street  between  Federal 
Street  and  Congress  Street.   The  removal  of  a  parking 
garage  on  that  block  has  resulted  in  decreased  volumes 
along  High  Street  at  Federal  Street  and  Summer  Street.   A 
fall  1986  count  at  the  Summer  Street/High  Street/South 
Street  location  confirmed  this  reduction.   The  final 
network  volumes  at  this  location  are  actually  higher  than 
the  count  to  account  for  possible  diversions  from  High 
Street  because  of  construction  at  International  Place. 

The  adjustments  to  the  base  networks  have  also  been  made  in 
the  No-Build  and  Build  networks.   The  level  of  service 
analysis  found  in  the  Probable  Project  Impacts  section  has 
been  revised  to  reflect  the  network  changes.   Also,  all 
necessary  corrections  to  the  text  have  been  made  to 
incorporate  any  changes  in  levels  of  service  and 
volume-to-capacity  ratio. 

Comment  —  "Questions  have  been  raised  during  the  review  of 
the  Draft  EIA  regarding  the  inclusion  of  growth  outside  the 
general  downtown  area  into  the  traffic  growth  projections 
for  1989.   The  Final  EIA  should  clarify  whether  traffic 
growth  from  such  areas  as  the  Back  Bay  and  South  Boston 
which  would  enter  the  downtown  area  was  included  in  the 
background  projections  and  any  appropriate  adjustments  made 
to  the  analysis  if  necessary." 


1196/3305f 


2.2-10 


Response  --  Limited  amounts  of  traffic  growth  can  be 
expected  in  the  study  area  from  Back  Bay  and  South  Boston 
by  1989.   Peak  hour  impacts  from  Back  Bay  aevelopment  will 
be  limited  to  some  outbound  trips  to  the  Callahan  Tunnel. 
Inbound  Sumner  Tunnel  trips  in  the  moring  would  likely 
avoid  downtown  and  use  Tremont  Street.   Impacts  from  South 
Boston  developments  will  be  felt  more  directly  downtown 
along  Altantic  Avenue.   However,  the  bulk  of  South  Boston 
development  will  be  occupied  after  1989  and,  therefore, 
impacts  in  1989  will  be  limited. 

The  limited  impacts  of  Back  Bay  and  South  Boston  develop- 
ment have  previously  been  incorporated  in  the  future 
networks  because  the  existing  base  network  was  based  on  the 
1987  projected  Dewey  Square  network.   This  network  included 
projections  of  growth  from  background  developments  which 
have  materialized  more  slowly  than  anticipated.   As  a 
result  the  base  volumes  tend  to  overstate  base  conditions. 
This  conservative  (high)  estimate  was  carried  over  to  the 
No-Build  networks  and  was  assumed  to  account  for  the 
limited  additional  impacts  anticipated  from  BacK  Bay  and 
South  Boston  development. 

Comment  --  "Four  intersections  show  V/C  ratios  in  excess  of 
1.00  for  1989  Build  conditions,  yet  there  is  no  real 
analysis  of  the  impact  of  such  congested  conditions  on  the 
local  street  system  (such  as  the  occurrence  of  queuing  and 
delays,  the  diversion  of  traffic,  effect  on  aajacent 
intersections,  or  possible  mitigation  measures).   The  Final 
EIA  should  include  a  more  detailed  assessment  of  the  impact 
of  increased  traffic  due  to  the  project  development." 
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Response  —  The  Final  EIA  provides  a  detailed  assessment  of 
project  impacts  at  the  intersections  with  V/C  ratios  in 
excess  of  1.0  in  the  section  entitled  Capacity  Analysis. 
The  Access  Plan  also  includes  mitigation  measures  which 
might  be  taken  at  project  impacted  intersections  to  reduce 
V/C  ratios  in  excess  of  1.0.   These  measures  appear  in  the 
section  entitled  Roadway  Improvements. 

Comment  —  "Two  corrections  should  be  noted  in  particular 
in  page  1-4  of  the  Supplement.   In  the  second  paragraph,  it 
is  stated  that  in  the  evening  peak  hour  the  Congress  Street 
intersections  at  Purchase  Street  and  Atlantic  Avenue 
decline  from  LOS  "D"  to  "E",  whereas  Table  1-2  indicates  a 
decline  to  an  LOS  of  "F".   The  decline  is  particularly 
significant  at  Purchase  Street.   In  addition,  the  analysis 
fails  to  indicate  that  the  Surface  Road/South  Street/ 
Expressway  Ramp  intersection  also  will  decline  from  LOS  "D" 
to  LOS  "E"  in  the  evening  peak  hour." 

Response  —  The  second  paragraph  has  been  rewritten  to 
reflect  the  changes  in  level  of  service  shown  in  Table  1-2 
(now  Table  4.4-15).   The  third  paragraph  indicates  the 
decline  in  service  at  Surface  Artery/South  Street/ 
Expressway  on-ramp  from  the  No-Build  to  Build  condition. 
There  is  no  change  in  level  of  service  at  this  location 
between  existing  and  No-Build  conditions  and  therefore  no 
reference  to  the  location  in  the  second  paragraph. 

Comment  —  "The  effect  on  the  intersections  (LOS)  if  the 
Access  Plan  goals  are  fulfilled  should  be  included  in  the 
analysis  as  a  mitigation  impact." 

Response  —  A  discussion  of  the  effect  of  Access  Plan  goals 
on  intersection  level  of  service  has  been  added  to  the 
Access  Goals  section  of  the  Access  Plan. 
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Comment  —  "The  pedestrian  analysis  should  discuss  or 
quantify  the  impact  of  the  project  on  pedestrian  flows 
given  that  Dewey  Square  alreaay  has  high  peoestrian  volumes 
(5,500-6,000  crossings  at  peak  hours),  a  demand/capacity 
impact  analysis  should  be  included  in  the  Final  EIA." 

Response  —  Figures  4.4-14  and  4.4-15  have  been  added  to 
the  pedestrian  analysis  to  show  1989  pedestrian  volumes 
between  the  project  site  and  Dewey  Square  with  both 
background  development  and  the  project  included.   Also 
included  is  a  level  of  service  analysis  on  the  south  side 
of  Summer  Street  between  South  Street  and  Surface  Artery. 
This  location  was  chosen  for  analysis  because  it  will 
receive  the  maximum  pedestrian  impact  in  the  Dewey  Square 
area  from  the  project. 

Comment  --  "In  Table  4.4-16  there  appears  to  be  a 
discrepancy  between  the  851  PM  peak  pedestrian  trips  along 
Summer  Street  projected  in  this  table  and  the  PM  peak 
pedestrian  trips  ( transit /walk)  of  928  given  in  Table 
4.4-9,  the  vast  majority  of  which  would  probably  use  at 
least  some  part  of  Summer  Street.   An  explanation  is 
needed. " 

Response  —  The  851  PM  peak  hour  project  pedestrian  trips 
shown  in  Table  4.4-16  (now  Table  4.4-18)  show  only  those 
trips  which  reach  Washington  Street  or  Dewey  Square  along 
Summer  Street.   These  851  trips  represent  almost  92  percent 
of  all  project  generated  walk  and  transit  trips.   The 
remaining  eight  percent,  or  77  trips,  use  only  a  short 
portion  of  Summer  Street  near  the  site  before  turning  onto 
other  streets.   Many  of  these  trips  represent  commuter  bus 
rioers  using  Devonshire  Street  to  reach  the  express  bus 
stop  in  the  Financial  District.   Table  4.4-9  is  now  Table 
4.4-10. 
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Comment  --  "Concern  also  has  been  raised  concerning  the 
quality  of  the  transit  analysis  which,  basea  on  a  full-day 
demand/capacity  analysis,  appears  to  indicate  excess 
capacity  available  and  hence  no  problems.   The  real  world 
situation,  particularly  at  peak  hours,  is  quite  different. 
The  transit  analysis  should  be  reviseo  to  reflect  actual 
conditions  at  peak  hours  and  the  real  impact  of  the 
project-generated  peak  hour  trips  on  the  existing  transit 
system.  " 

Response  —  The  transit  analysis  presentee  in  the  draft 
assessment  report  is  a  peak  hour  analysis  and  all  capacity 
and  rioership  figures  are  for  the  peak  direction  in  the  PM 
peak  hour.   The  estimates  of  existing  and  projected  line 
capacity  for  the  Red  and  Green  lines  have  been  reviseo 
based  on  observations  of  actual  operating  conditions  made 
in  late  September  and  early  October  1986.   On  the  basis  of 
these  observations  the  number  of  peak  hour  Red  line  trains 
through  downtown  has  been  reduced  to  16  actual  from  24 
scheduled.   Similarly,  the  number  of  Green  line  trains 
operating  outbound  west  of  Park  Street  in  the  evening  peak 
hour  has  been  reduced  from  47  scheduled  to  36  actual.   For 
the  Green  line,  revisions  have  also  been  made  in  the 
average  number  of  cars  per  train  ana  the  capacity  of  each 
car.   The  car  capacity  of  130  persons  is  a  generalized 
planning  figure  useo  by  the  MBTA.   The  actual  physical 
capacity  is  higher  ana  loads  heavier  than  the  planning 
capacity  were  frequently  observed. 

The  text  and  tables  (Tables  4.4-3,  4.4-4  and  4.4-17)  in  the 
Rapid  Transit  sections  under  EXISTING  CONDITIONS  and 
PROBABLE  PROJECT  IMPACTS  have  been  revised  to  reflect  the 
changed  estimates  of  line  capacity. 
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Comment  --  "There  is  also  a  significant  discrepancy  in  the 
number  of  PM  peak  hour  transit  trips  generated  by  the 
project  -  Table  A. 4-9  gives  898  trips  whereas  Table  A. 4-14 
in  the  transit  analyses  section  gives  only  626.   This 
discrepancy  needs  to  be  corrected  or  explained  aaequately." 

Response  --  There  is  no  discrepancy  between  the  two  tables 
because  Table  4.4-9  (now  Table  4.4-10)  refers  to  total 
project-generated  public  transportation  trips,  while  Table 
4.4-14  (now  Table  4.4-16)  refers  to  project-generated  rapid 
transit  trips.   As  noted  in  the  text,  70  percent  of  all 
public  transportation  trips  into  downtown  are  estimated  to 
be  rapid  transit  trips.   The  remainder  are  bus  and  commuter 
rail  trips.   This  estimate  is  based  on  the  1982  Cordon 
Count  for  Downtown  Boston. 

Comment  —  "With  regard  to  parking,  the  Draft  EIA  indicated 
a  shortfall  of  62  long-term  spaces  and  95  short-term 
spaces.   The  Final  EIA  should  describe  where  parking  demand 
surplus  would  go  or  what  the  impact  would  be  on  adjacent 
areas,  particularly  Chinatown." 

Response  --  The  parking  analysis  in  the  FEIA  indicates  that 
a  total  of  400  parking  spaces  is  planned.   The  projection 
of  long-term  parking  demand  is  for  362  spaces.   Therefore, 
no  short-fall  in  long-term  spaces  is  projected. 

A  shortfall  of  95  spaces  for  short-term  parking  is  still 
anticipated.   One  response  to  this  short-term  parking 
shortfall  might  be  a  shift  to  public  transportation  or 
increaseo  rioe-  sharing  (higher  vehicle  occupancy  rate). 
The  other  response  to  the  shortfall  of  on-site  parking 
would  be  for  drivers  to  seek  parking  at  other  off-site 
locations.   However,  little  or  no  excess  parking  capacity 
can  be  expecteo  at  other  locations  near  the  site.   As  a 
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result,  drivers  may  have  to  park  at  more  distant 
locations.   The  results  in  either  case  would  be  less 
automobile  traffic  in  the  immediate  area  of  the  site, 
including  Chinatown,  than  was  projected  in  the  DEIA. 

Comment  —  "The  Final  EIA  and  Access  Plan  should  also 
address  the  need  for  short-term  parking.   In  addition,  the 
location  of  potential  off-street  parking  during 
construction  should  be  described." 

Response  --  As  shown  in  the  FEIA,  a  need  for  95  short-term 
spaces  will  exist  based  on  projected  trip  generation. 
Because  of  the  downtown  parking  freeze,  no  new  commercial 
parking  spaces  may  be  added  downtown.   Therefore,  the 
developer  is  unable  to  provide  aoditional  short-term 
parking.   Lack  of  on-site  availability  of  nearby  spaces 
will  require  use  of  existing  off-site  spaces.   However,  the 
limited  availability  of  nearby  off-site  spaces  will  result 
in  a  shift  to  other  modes  such  as  transit  or  walking,  or  to 
the  use  of  more  remote  parking  locations  where  spaces  may 
still  be  available.   At  a  downtown  location  such  as  125 
Summer  Street,  a  substantial  number  of  non-work  walk  trips 
from  other  nearby  downtown  developments  would  be  expected. 

As  indicated  in  the  Final  Access  Plan,  no  construction 
worker  parking  will  be  permitted  on-site  or  adjacent  to  the 
construction  area.   Constructions  workers  will  be  required 
to  access  the  site  by  public  transportation,  ridesharing, 
or  by  parking  at  an  off-site  location.   The  most  likely 
off-site  location  for  construction  worker  parking  will  be 
at  the  lots  located  along  Northern  Avenue  across  the  Fort 
Point  Channel.   The  contractor  for  the  project  indicates 
that  the  Northern  Avenue  lots  are  a  common  location  for 
construction  worker  parking  because  of  their  comparatively 
low  cost. 
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Comment  --  "Maps  inaicating  LOS  at  the  stuaiea 
intersections  ana  peoestrian  volumes  would  be  useful  for 
reference  ana  shoulo  be  incluaea  in  the  Final  EIA." 


Response  —  Figure  4.4-13  has  been  incluaea  in  the  capacity 
analysis  section  to  show  existing  and  projected  levels  of 
service  at  study  intersections  in  the  AM  ana  PM  peak 
hours.   Figures  4.4-5,  4.4-6,  4.4-14  and  4,4-15  have  been 
abded  to  show  existing  an  future  AM  ana  PM  peak  hour 
pedestrian  volumes. 

Air  Quality  Analysis 

Comment  —  "The  air  quality  analysis  of  the  Draft  EIR  was 
reviewed  by  both  the  Department  of  Environmental  Quality 
Engineering  and  by  a  consultant  (Tech  Environmental,  Inc.) 
under  contract  to  the  BRA.   Their  reports  are  attached.   As 
discussed  at  a  recent  meeting  of  your  consultants,  the  BRA 
and  DEQE,  a  revision  of  the  air  quality  analysis  will  be 
required  for  the  Final  EIA.   Prior  to  the  re-analysis,  the 
methodology,  assumptions,  receptor  locations,  and  other 
input  data  should  be  reviewed  with  DEQE  and  the  BRA  should 
be  notified  when  this  meeting  is  scheduled." 

Response 

The  air  quality  analysis  for  the  Final  EIA  has  been 
completely  remodelled  and  rewritten.   Methodology, 
assumptions,  receptor  locations,  and  other  input  data  have 
been  reviewed  by  both  the  DEQE  and  the  BRA  prior  to 
initiating  the  air  quality  analysis.   Tech  Environmental, 
Inc.  comments  were  incorporated  into  the  final  criteria. 
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Comment  —  "In  addition,  the  air  quality  analyses  includes 
minimal  discussion  of  the  large  violations  of  the  carbon 
monoxide  standards  that  are  predicted,  fails  to  demonstrate 
consistency  with  the  Massachusetts  State  Implementation 
Plan,  and  fails  to  show  that  the  project  will  not  interfere 
with  the  attainment  and  maintenance  of  the  standards.   Even 
though  existing  and  1989  No-Build  conditions  are  projected 
to  exceed  standards,  the  project  itself  will  increase  the 
violations.   No  measures  to  fully  mitigate  the  increase  are 
suggested.   This  failure  must  be  corrected  in  the  Final 
EIA,  in  consultation  with  DEQE." 

Response 

Section  4.5.6,  Mitigating  Measures,  fully  discusses 
possible  mitigation  of  NAAQS  exceedances  and  feasibility  of 
these  measures  in  the  near  future.   These  measures  include 
traffic  demand  reduction  measures  to  which  the  project 
proponents  are  directly  committed,  suggest  signal  timing 
changes,  and  the  effects  a  number  of  planned  traffic 
improvements  will  have  in  the  area. 

Comment  --  "Although  a  number  of  measures  to  mitigate  dust 
emissions  during  construction  are  identified  in  the  report, 
a  strong  commitment  to  the  implementation  of  these  measures 
and  monitoring  of  compliance  will  be  required." 

Response  —  The  construction  contract  will  provide  for  a 
number  of  strictly  enforced  measures  to  be  utilized  by 
contractors  to  reduce  potential  fugitive  dust  emissions  and 
minimize  impacts.   These  measures  are  detailed  in  Section 
A. 5. 8. 
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Historic  Quality  Impacts 

Comment  —  "The  Final  EIA  should  incluae  a  discussion  of 
reviews  of  the  project  with  the  Massachusetts  Historical 
Commission,  Boston  Landmarks  Commission,  and  Preservation 
Alliance." 

Response  —  During  project  planning  stages  throughout  1986, 
project  proponents,  consultants,  and  architects  met  with 
respresentatives  of  the  above  organizations  on  numerous 
occasions.   Project  plans  were  presented.   These 
organizations  each  expressed  support  for  the  project,  in 
particular,  inclusion  of  historic  buildings  into  the  design 
and  a  sensitive  and  historically  compatible  design  of  the 
new  structure. 

Comment  —  "On  page  4.7-2,  it  is  stated  that  no  buildings 
on  the  site  have  been  classified  by  the  Boston  Landmarks 
Commission  as  being  in  categories  I,  II,  or  III.   However, 
the  BLC's  Central  Business  District  Preservation  Survey 
clearly  lists  115-117,  131-135,  and  137-139  Summer  Street 
as  Category  III  (Significant)  buildings.   This  should  be 
corrected  in  the  Final  EIA." 

Response  --  The  text  has  been  revised  to  accurately  list 
buildings  classified  as  Category  III.   All  buildings  within 
the  project  area  have  been  surveyed  by  the  Boston  Landmarks 
Commission  as  part  of  its  Central  Business  District 
Preservation  Study.   None  has  been  classified  as  either 
Category  I  (Highest  Significance)  or  Category  II  (Major 
Significance).   Buildings  at  115-117,  131-135,  and  137-139 
Summer  Street  are  noted  as  Category  III  (Significant) 
buildings. 
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Comment  — ■  "On  page  4.7-6  (#7),  the  Great  Fire  occurred  in 
1872,  not  1972." 

Response  —  The  text  has  been  corrected  to  state  the  Great 
Fire  occurred  in  1872. 

EXECUTIVE  OFFICE  OF  ENVIRONMENTAL  AFFAIRS  (MEPA  UNIT) 

Summary  of  Comments  —  The  MEPA  Unit's  comments  address  the 
EIR  process  and  design  issues.   The  focuses  were  directed 
at  the  review  process  and  did  not  include  any  specific 
matter  relating  to  the  DEIA.   The  comment  on  design  was  a 
general  call  for  EIRs  to  elaborate  on  design  concepts. 

Response  --  The  Project  Description  has  been  enhanced 
somewhat  to  reflect  design  and  proposed  street  level  uses 
of  the  project.   The  FEIA  is  only  one  part  of  the  BRA's 
review  efforts  of  projects  of  this  type  and  magnitude. 
Design/development  submissions  by  the  proponent  go  into  far 
greater  design  detail  than  is  possible  in  an  environmental 
impact  analysis. 

COMMISSION,  TRAFFIC,  AND  PARKING 

Summary  of  Comments  —  Commissioner  Diminio's  comments 
noted  that  the  DEIA  "adequately  describes  the  impact  of  the 
project  on  the  immediately  surrounding  transportation 
facilities. " 

Response  —  The  proponents  and  their  transportation 
consultants  had  met  with  Commissioner  Diminio's  staff  to 
resolve  construction  impact  mitigation. 
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STEPHEN  H.  KAISER  -  JUNE  16,  1986 


Summary  of  Comments  --  There  were  extensive  comments  that 
can  be  grouped  into  the  following  subject  matters.   Each  is 
followea  by  a  response. 


Alternatives  --  "Simple  rehabilitiation  and  low-rise  infill 
of  the  existing  buildings." 

Response  —  The  project  seeks  to  retain  four  existing 
buildings  to  form  the  base  of  the  new  building.   A  simple 
low-rise  infill  is  not  a  feasible  alternative.   Realistic 
alternatives  (besides  No-Build)  included  a  taller  building 
on  the  site.   The  proposed  building  is  the  result  of  a 
review  process  that  reduceo  the  height  and  density  of 
earlier  alternatives. 

Wine  --  The  comments  on  wind  centered  on  comparative 

studies  with  other  wind  analyses  and  the  extent  of 

exceedences  of  the  "hot  spots"  where  predicted  wind 
exceeded  BRA  criteria. 

Response  --  This  wind  study  was  not  done  in  isolation  of 
others,  as  claimed  in  the  comment.   However,  it  is  true 
that  different  studies  have  tended  to  show  varying  results. 
Such  variations  are  due  to  differing  model  techniques,  wind 
tunnel  characteristics,  and  methodologies.   The  methods 
employed  for  this  study  are  conservative  and  allow  for 
predictable  wind  impacts  between  the  Build  and  No-Build 
alternatives.   Comparison  of  results  with  other  studies  do 
not  reveal  any  new  insight.   The  discussion  on  exceedences 
are  responded  to  in  our  responses  to  the  BRA  in  subsection 
4.1.5.3  and  4.1.5.4. 
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Transit  Analysis  —  This  comment  was  concerned  with  the 
quality  of  the  transit  analysis. 

Response  —  The  BRA  letter  raised  the  same  concern.  Our 
response  is  provided  in  subsection  2.0,  page  2.2-14. 

STEPHEN  H.  KAISER  -  JULY  7,  1987 

Summary  of  Comments  —  The  second  letter  from  Mr.  Kaiser 
was  concerned  with  the  Access  Plan  and  Air  Quality  Study 
which  appeared  in  the  supplementary  report  of  the  DEIA. 

Response  —  Responses  to  comments  on  the  Access  Plan  are 
provided  in  detail  in  the  responses  to  the  BRA  letter  and 
in  amendments  to  the  Access  Plan  text.   Furthermore,  in 
response  to  the  BRA  requirement,  the  Air  Quality  study  was 
completely  revised. 

TECH  ENVIRONMENTAL,  INC. 

Summary  —  Tech  Environmental,  Inc.  was  retained  by  the  BRA 
to  review  the  Air  Quality  study  in  the  DEIA.   The  letter 
and  subsequent  follow-up  meetings  with  the  BRA  staff 
resulted  in  the  proponent's  agreement  to  completely  revise 
the  Air  Quality  study. 

Response  —  Inasmuch  as  the  Air  Qualiy  study  is  completely 
revised,  the  reader  is  referred  to  the  Air  Quality  Summary, 
or  the  full  Air  Quality  study,  Section  4.5. 
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BOSTON  WATER  AND  SEWER  COMMISSION  (BWSC) 

Comment  —  The  description  of  flow  transport  in  the  East 
Side  and  Boston  Main  Interceptors  is  either  incorrect  or 
neecs  to  be  updated. 

Response  --  The  entire  utility  section  of  the  text  has  been 
updated.   The  description  of  the  East  Side  and  Boston  Main 
Interceptors,  Section  4.8.3,  now  correctly  details  flow 
transport. 

Comment  —  Adequacy  of  Boston  Water  and  Sewer  Commission's 
water  lines  to  supply  the  projected  demands  for  this 
project  is  not  addressed. 

Response  —  A  hydrant  test  conducted  in  October  1986 
inoicateo  an  available  flow  of  3,270  gpm  at  a  satisfactory 
residual  pressure  of  50  psi.   The  results  of  this  test 
indicate  that  the  low  pressure  service  system  in  the  site 
vicinity  has  capacity  to  satisfy  the  project  demand  (peak 
flow  of  170  gpm) . 

Comment  --  The  stated  average  daily  water  usage  (80,000 
gpd)  estimated  for  this  development  appears  excessive. 
Boston  Water  ana  Sewer  Commission  requests  figures  on  the 
air  conditioning  water  requirements. 

Response  —  Domestic  water  demand  for  this  project  is 
expected  to  total  44,700  gpd.   In  addition,  air  condition- 
ing makeup  water  is  expected  to  average  40,000  gpd.   The 
peak  domestic  use  is  estimated  at  70  gpm,  based  on  a 
peaking  factor  of  3.0  for  restaurants,  at  2.4  for  offices. 
A  peak  air  conditioning  makeup  water  rate  of  100  gpm  is 
anticipated,  resulting  in  a  total  peak  demand  of 
approximately  170  gpm. 
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3.    PROJECT  DESCRIPTION 


3.   PROJECT  DESCRIPTION 

3.1  Location 

The  project  is  located  at  125  Summer  Street  in  Boston's 
financial  district.   The  site  is  within  a  block  bounded  by 
Summer  Street,  South  Street,  JFK  Expressway  (Surface  Artery), 
and  Lincoln  Street.   Other  properties  in  the  immediate  vicinity 
of  the  subject  site  include  South  Station,  One  Financial  Center, 
99   Summer  Street  (under  construction),  the  Fiduciary  Trust 
Building,  and  the  Federal  Reserve  Bank.   Figure  3.1  depicts  the 
location  of  the  site  within  the  downtown  area. 

3. 2  Existing  Conditions 

The  subject  site  comprises  about  31,034  square  feet  (2/3 
acre)  and  is  presently  occupied  by  nine  (9)  vacant  and 
boarded-up  mercantile  buildings  (See  Figure  3.2).  The  buildings 
were  at  one  time  used  for  commercial  purposes;  there  were  no 
residential  uses  on  the  site.   The  buildings  range  in  height 
from  two  to  six  stories. 

In  addition  to  the  existing  structures,  there  exists  on  the 
same  block,  a  70  foot  ventilation  stack  facing  the  Surface 
Artery.   The  ventilation  stack  serves  the  underground  expressway 
and  is  owned  by  the  Commonwealth  of  Massachusetts.   Although  it 
is  on  the  same  block  as  the  proposed  project,  the  ventilation 
stack  is  not  part  of  the  redevelopment  project. 

The  general  vicinity  is  part  of  the  City's  financial  center 
which  has  been  undergoing  redevelopment  with  several  significant 
high  rise  buildings  that  have  been  recently  constructed  or  are 
under  construction.   These  are  interspersed  with  older  buildings 
some  of  which  have  been  undergoing  restoration.   Existing  views 
are  shown  on  Figure  3.3  through  3.12.   Figure  3.3  is  a  key  map 
showing  the  pedestrian  level  vantage  points  for  each 
photograph.   Figure  3.4  shows  the  view  from  Summer  Street 
towards  the  site.   In  the  foreground  are  the  existing  low  rise 
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FIGURE  3.1   PROJECT  LOCATION  -  125  SUMMER  STREET,  BOSTON 
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'FIGURE  3.2   125  SUMMER  STREET  -  EXISTING  CONDITIONS 
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FIGURE  3,3   KEY  FOR  EXISTING  SITE  VIEWS 
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FIGURE  3.6   lXISTING  CONDITIONS  -  VIEW  C 
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buildings  which  will  form  the  base  of  the  proposed  new 
building.   In  the  background  is  the  One  Financial  Square 
building  and  to  the  right  is  the  99  Summer  Street  project, 
presently   under  construction.   Figure  3.5  also  shows  a  view 
from  Summer  Street  but  from  a  point  closer  to  the  project  site. 
It  shows  the  existing  buildings,  several  of  which  will  form  the 
base  of  the  new  building.   Figure  3.6  looks  to  the  south  along 
Lincoln  Street  from  the  intersection  of  Summer/Bedford  and 
Lincoln  Street.   The  Bedford  Building  is  on  the  right  and  the 
existing  building  facades  of  the  project  site  are  on  the  left. 
Figure  3.7  shows  the  corner  of  South  Street  and  Summer  Street  of 
the  project-site,  again  showing  structures  that  will  be 
integrated  into  the  base  of  the  new  buiding.   Figure  3.8  shows 
the  South  Street  elevation  of  the  existing  site,  with  the 
expressway  ventilation  stack  on  the  left  and  the  93   Summer 
Street  building  under  construction  in  the  background.   Figure 
3.9  shows  a  view  looking  northward  along  South  Street  with  the 
project  site  on  the  left  foreground,  also  showing  the 
ventilation  stack.   Figure  3.10  is'looking  north  along  Lincoln 
Street.   The  Surface  Artery  is  in  the  foreground  and  the  project 
site  in  the  middle  at  the  corner  of  Lincoln  Street  and  the 
Surface  Artery.   Figure  3.11  shows  a  clear  view  of  the  Lincoln 
Street  elevation  of  the  project  site.   Figure  3.12  is  a  view 
looking  east  from  Bedford  Street  showing  the  Bedford  Building  on 
the  right  and  the  Church  Green  Building  on  the  left.   The 
project  site  is  on  the  right  beyond  the  Bedford  Building. 

3. 3   Proposed  New  Construction 

The  proposed  project  consists  of  an  office  building  with 
ground  level  retail  and  on-site  parking.   The  main  office 
building  will  measure  295  feet  and  5  inches  from  the  street 
level  to  the  top  of  the  parapet  at  the  building's  highest 
point.   The  building  will  contain  22  floors  with  a  23rd  floor 
that  will  be  used  for  elevator  machinery  and  ventilation 
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equipment.   The  first  floor  at  street  level  will  contain  retail 
shops  and  a  gallery.   On-site  parking  will  be  located  on  5 
levels  below  grade,  the  lowest  elevation  being  58  feet  below 
street  level. 

The  building  will  rest  on  a  5-story  base  which  will  occupy 
the  entire  project  site.   Several  existing  19th  century 
buildings  will  be  retained  to  form  a  part  of  the  base.   They 
will  be  connected  with  arched  entrances  to  the  main  lobby  and 
gallery.   The  ground  floor  space  will  be  occupied  by  specialty 
retail  shops  and  restaurants.   Access  to  the  ground  level  retail 
will  be  principally  through  the  main  entrance  to  the  building's 
lobby  on  Summer  Street  and  the  two  entrances  to  the  gallery  on 
Lincoln  and  South  Streets. 

Above  the  6th  story,  the  tower   will  be  L-shaped  and  will 
taper  to  20,000  square  feet  per  story  with  a  further  tapering  at 
the  21st  through  the  22nd  stories  to  about  19,000  square  feet 
per  story.   The  top  level  will  be  occupied  by  mechanical 
equipment. 

The  total  area  in  the  building  will  be  about  495,000  gross 
square  feet.   The  uses  will  be  primarily  for  office  space  with 
ground  level  retail  space.   The  ground  level  will  include 
building  lobbies,  a  gallery,  retail  stores,  service  areas, 
loading  dock,  and  parking  garage  entrance.   The  building  will  be 
served  by  an  elevator,  mechanical  and  service  core  (See  Figure 
3.13) . 

Parking  will  be  provided  on  5  lower  levels  with  300  spaces 
(See  Figure  3.14  for  the  Level  1  plan).  Some  mechanical  spaces 
will  occupy  the  lowest  level  as  well  as  the  penthouse  level. 

Access  to  retail  shops  in  the  building  lobbies  will  be 
through  three  entrances  at  Summer  Street  (main  lobby),  South 
Street  and  Lincoln  Street.   The  latter  two  will  be  linked  by  a 
pass-through  2  story  gallery  of  retail  shops.   Pedestrian 
movements  will  be  permitted  on  all  sidewalks  bounding  the 
proposed  building  and,  additionally,  through  the  gallery. 
Parking  and  loading  will  be  located  entirely  within  the  build- 
ing.  Parking  and  loading  access  will  be  by  Lincoln  Street  only. 
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FIGURE    3.13      PROPOSED    NEW    CONSTRUCTION    -    GROUND    FLOOR    PLAN 
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FIGURE  3.14   PROPOSED  NEW  CONSTRUCTION  -  PARKING  LEVEL  ONE 
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The  building  is  designed  to  respond  to  site  considerations 
on  each  side  of  the  project  area.   The  Summer  Street  elevation 
(See  Figure  3.15)  emphasizes  the  main  entrance  to  the  building 
lobby.   A  central  2-story  archway  which  highlights  the  5-story 
low-rise,  is  flanked  by  the  existing  19th  century  buildings. 
These  existing  structures  wrap  around  the  corners  at  South  and 
Lincoln  Streets,  helping  to  retain  the  existing  context  of  the 
streetscape.   The  high-rise  portion  of  the  Summer  Street 
elevation  has  a  central  vertical  panel  rising  to  a  vaulted  space 
and  flanked  by  two  corner  towers,  giving  symmetry  and  form  to 
the  spaces  above  the  low-rise  19th  century  buildings. 

The  Lincoln  Street  elevation  (See  Figure  3.16)  is  similarly 
highlighted  by  the  arched  entrance  to  the  gallery.   However, 
this  side  will  include  the  entrances  to  the  loading  dock  and 
underground  parking  garage.   The  low-rise  element  on  Lincoln 
Street  also  turns  the  corners  at  the  Surface  Artery  and  Summer 
Street,  for  continuity.   The  high  rise  face  on  Lincoln  Street  is 
different  from  that  facing  Summer  Street  with  two  vertical 
panels  rising  to  the  top  towers  with  "its  vaulted  space. 

The  Surface  Artery  elevation  is  interrupted  by  the  existing 
vent  stack.   However,  its  low-rise  element  picks  up  the 
continuity  of  the  Lincoln  Street  side,  while  the  high-rise 
portion  accentuates  the  vertical  panels  with  the  corner  of  the 
L-shaped  building  rising  to  the  unifying  element  of  the  top 
towers  and  connecting  vault  (Figure  3.17). 

While  Summer  Street  is  the  front  entrance,  the  South  Street 
elevation  presents  a  most  dramatic  view  (See  Figures  3.18  and 
3.24).   The  low-rise  19th  century  structure  continues  to  flank 
the  arched  entrance  to  the  gallery.   The  high-rise  accentuates 
it's  L-shape  with  a  rounded  corner  facing  South  Street.   The  top 
towers  are  visible  but  less  prominent  than  the  imposing 
curvature  of  the  main  tower  whose  height  is  accentuated  by 
vertical  panels  rising  to  the  top. 

As  noted  earlier,  each  side  has  a  top-tower  connected  by 
vaults  which  serve  as  a  unifying  design  element  for  the  main 
tower.   The  major  exterior  building  material  is  proposed  to  be 
stone  in  keeping  with  19th  century  commercial  architecture. 
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FIGURE  3.16   PROPOSED  NEW  CONSTRUCTION  -  LINCOLN  STREET 
ELEVATION 
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In  scale  ana  massing,  the  proposed  new  building  will  fit 
within  the  context  of  recent  buildings  and  buildings  under 
construction  in  the  area.   At  300  feet,  the  new  building  will 
closely  match  the  height  of  99   Summer  Street  and  will  be  well 
under  the  590  feet  of  the  One  Financial  Center  Building.   On 
Summer  Street,  the  100  Summer  Street  building  at  over  400  feet 
will  loom  above  the  proposed  building.   The  proposed  building's 
base,  L-shaped  tower  and  varied  facades  on  four  sides  combine  to 
minimize  its  mass  and  height. 

The  next  set  of  figures  illustrate  the  major  points 
relating  to  scale  and  mass.   Figure  3.19  shows  a  cut-off  section 
locking  southwest.   The  heights  of  99  Summer  Street  at  280  feet 
and  One  Financial  Center  at  590  feet  are  shown.   Figure  3.20 
illustrates  the  new  building's  relationship  to  100  Summer 
Street.   Several  photographs  of  the  model  depict  the  scale  of 
the  proposed  building  in  the  context  of  the  neighboring 
buildings.   Figure  3.21  shows  the  project  looking  towards  the 
southeast.   The  proposed  building  is  in  the  right  foreground 
with  100  Summer  Street  just  to  its  left  and  One  Financial  Center 
just  above  it.   The  varied  facade  treatment  of  the  proposed 
building  is  also  contrasted  with  the  steel  and  glass  exteriors 
of  the  adjacent  skyscrapers.   A  different  view  in  Figure  3.22 
illustrates  the  same  point.   The  proposed  building  is  in  the 
foreground  and  is  contrasted  with  the  One  Financial  Center 
Building  on  the  right  and  100  Summer  Street  to  the  immediate 
left  of  the  proposed  building.   Further  to  the  left  is  99   Summer 
Street  which  will  be  approximately  the  same  height  as  125  Summer 
Street.   Figure  3.23  shows  the  view  from  Summer  Street.   Looming 
behind  the  new  building  is  the  One  Financial  Center  Building. 
Figure  3.24  shows  the  photograph  from  Dewey  Square.   The  L-shape 
configuration,  the  integration  of  the  19th  century  structures 
with  the  new  building's  vertical  panels,  window  treatment,  stone 
exterior  ana  corner  towers  with  vaulted  space  provide  an 
interesting  and  lively  treatment.   The  design  displays  great 
respect  to  the  historic  setting  which  will  maintain  the  existing 
fabric  and  rhythm  of  this  part  of  the  city. 
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FIGURE   3.21   MODEL  PHOTOGRAPH  LOOKING  SOUTHEAST 
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FIGURE  3.24   PROPOSED  NEW  CONSTRUCTION 
DEWEY  SQUARE  PERSPECTIVE 
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FIGURE  3.2   125  SUMMER  STREET  -  EXISTING  CONDITIONS 
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FIGURE  3.3   KEY  FOR  EXISTING  SITE  VIEWS 
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FIGURE  3.4   EXISTING  CONDITIONS  -  VIEW  A 
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FIGURE  3.13   PROPOSED  NEW  CONSTRUCTION  -  GROUND  FLOOR  PLAN 
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FIGURE  3.1A   PROPOSED  NEW  CONSTRUCTION  -  PARKING  LEVEL  ONE 
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FIGURE   3.21   MODEL  PHOTOGRAPH  LOOKING  SOUTHEAST 
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A. 1.1   Introduction 

This  chapter  documents  wind  tunnel  modeling  studies  for  the 
new  builaing  to  be  constructed  at  125  Summer  Street  in  Boston, 
Massachusetts.   The  chapter  consists  of  this  introduction  and 
five  more  sections  and  a  technical  appendix.   Section  4.1.2  is  a 
brief  description  of  the  nature  of  urban  winas.   It  provides  a 
basis  for  understanding  the  various  means  for  mooifying  the 
urban  wind  environment.   Section  4.1.3  introduces  the  wind 
significance  criteria  used  throughout  the  report.   The  criteria 
are  used  as  a  yardstick  for  measuring  windiness  and  potential 
impacts.   Section  4.1.4  outlines  the  first  phase  of  wind 
studies.   These  are  the  qualitative  flow  visualization  studies. 
The  qualitative  studies  were  undertaken  to  discover  the  general 
wind  flow  patterns  with  and  without  the  new  building.   The 
qualitative  studies  were  usee  to  pick  study  locations  for  hot 
wire  anemometers  in  subsequent  tests.   The  heart  of  the  report 
is  Section  4.1.5,  the  quantitative  analysis.   This  section 
describes  both  existing  and  future  wind  conditions  and  compares' 
'them  to  the  wind  significance  criteria.   Study  methodology, 
potential  for  mitigating  measures  and  general  conclusions  are 
included  in  this  last  section. 

4.1.2   Nature  of  Urban  Winds 

4.1.2.1   General 

The  winas  blowing  over  the  earth's  surface  are  slowed  and 
mixed  by  interaction  with  trees,  buildings,  and  other  features 
which  contribute  to  "surface  roughness."   The  result  of  this 
interaction  is  that  the  average  wind  speeds  increase  with 
elevation  above  the  local  terrain  up  to  a  level  called  the 
gradient  height  (usually  275  to  400  m;  i.e.,  900  to  1,350  ft.). 
Above  this  level,  the  wind  speed  is  relatively  constant  and 
unaffected  by  the  surface  development.   This  region  below  the 
gradient  height  where  the  surface  roughness  affects  the  wind 
characteristics  is  known  as  the  atmospheric  boundary  layer. 
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In  an  urban  environment  there  is  potential  for  the  natural 
wina  field  in  the  boundary  layer  to  be  modified  in  the  following 
ways  as  it  interacts  with  obstacles: 

a.  Vertical  deflection  of  upper  level  winds  towards  the 
grouno  on  the  windward  siae  of  tall  buildings.   As 
winds  flow  perpendicular  to  the  vertical  faces  of 
high  rise  buildings,  pressure  gradients  are  created. 
Higher  pressure  is  created  by  the  winds  of  greater 
velocity  nearer  the  gradient  height,  with  lower 
pressure  near  ground  level.   The  pressure  gradient 
deflects  the  winds  of  higher  velocity,  normally 
associated  with  higher  elevations,  down  to  pedestrian 
level.   High  wind  speeds  at  ground  level  are  most 
pronounced  near  tall  buildings  which  are  surrounded 
by  structures  whose  heights  are  low  in  comparison  to 
the  tall  building.   The  flow  patterns  which  typically 
occur  in  such  situations  are  illustrated  in  Figure 
4.1-1.   In  such  cases,  the  highest  ground  level  winds 
are  often  found  around  building  corners.   This  corner 
flow  is  usually  steady,  high-speeo  wind  that 
gradually  drops  off  to  a  lower  speed  farther  from  the 
building,  but  becomes  gusty  in  the  process. 

b.  Channeling  of  the  air  stream  between  buildings. 
Adjacent  buildings  facades  may  cause  winds  to 
accelerate  as  the  area  available  for  the  approaching 
wind  flow  is  reduced  between  the  buildings. 
Channeling  increases  wind  speeds  within  the  channel 
formed.   It  also  creates  likely  "hot  spots"  for 
increased  wind  gusts  at  the  corners  of  the  channels. 
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FIGURE  A. 1-1   TYPICAL  FLOW  PATTERNS  BETWEEN  HIGH 
AND  LOW  RISE  BUILDINGS 
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c.     Induced  turbulence  on  the  leeward  side  of  buildings  . 
As  winds  flow  perpendicular  to  urban  street  canyon 
sections  vortexes  are  created.   This  results  in  some 
potential  for  increased  winds  swirling  in  a  vertical 
plane  roughly  parallel  to  the  prevailing  wind 
direction  (see  Figure  4.1-1).   Increased  winds  may 
occur  in  edays  on  both   the  winaward  and  lee  sides  of 
the  street  canyon  downwind  of  a  building. 

The  area  downwind  of  a  building  taller  than  the  next 
downwind  obstruction  (building)  is  usually  character- 
ized by  a  low  mean  velocity  and  high  turbulence 
levels.   The  net  result  in  such  a  downwind  region  is 
a  "sheltering"  effect. 

A. 1.2. 2   Boston  VJind  Climate 

The  significance  of  the  siting  with  respect  to  frequently 
occurring  wind  events  is  illustrated  in  Figures  4.1-2  to  4.1-6, 
in  which  the  annual  and  seasonal  wind  statistics  for  a  reference 
elevation  of  960  feet  over  Boston  are  shown  on  a  location  plan 
of  125  Summer  Street. 

The  data  in  Figures  4.1-2  to  4.1-6  include  probability-of- 
direction  wind  statistics  (dotted  line)  and  probability-of- 
velocity  exceedance  curves  (solid  lines)  for  the  reference  level 
winds,  in  3  graduations  of  wind  azimuth.   A  representation  of 
the  scales  is  presented  in  Table  4.1-1: 

TABLE  4.1-1 


Scale 
Applicable 
to : 


1)  inner  ring 

2)  middle  ring 

3)  outer  ring 


PAZ  (Probability  that 
winds  will  originate 
from  3°  azimuth 
segment  shown) 


0.01 
0.02 
0.03 


(1%) 
(2%) 
(3%) 


P(U)Probability  that 
winds  will  exceed 
velocity  when  winds 
blow  from  direction 
shown) 

10    m/s    (22.5   mph) 
20   m/s    (45    mph) 
30    m/s    (67.5    mph) 
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FIGURE    4.1-2      ANNUAL    WIND    ROSE 
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FIGURE    4,1-4      SUMMER    WIND    ROSE 
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FIGURE    4.1-5       AUTUMN    WIND    ROSE 
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FIGURE    4.1-6       WINTER    WIND    ROSE 
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On  these  plots,  the  dashed  line  represents  the  probability 
that  the  wind  will  originate  from  a  particular  3°  azimuthal 
segment,  and  the  solid  contours  are  lines  of  equal  probability- 
of -exceedance  of  various  wind  speeds  to  be  expected  when  the 
winds  blow  from  a  given  direction.   On  each  "wind  rose,"  the 
four  solio  contours  start  with  the  inner  contour  of  P=0.1  (10% 
probability  of  exceedance)  ana  progress  outward  to  a  contour  of 
probability  P=0.0001  (.01%  probability  of  exceedance).   For 
example,  referring  to  the  wind  rose  in  Figure  4.1-2  (Annual 
Winds),  there  is  an  annualized  probability  of  P=0.017  (1.7%) 
that  the  winds  will  blow  from  the  3°  azimuthal  segment  centered 
on  270°),  there  is  a  10%  probability  (P=0.1)  that  the  mean  wind 
speed  at  the  960  ft  reference  height  will  exceed  16.5  m/s,  a  1% 
probability  (P=0.01)  that  the  mean  wind  speed  will  exceed  23.0 
m/s,  a  .1%  probability  (P=0.001)  that  the  mean  wind  speed  will 
exceed  28  m/s,  and  a  .01%  probability  (P^O.OOOl)  that  the 
reference  level  mean  wind  speeo  will  exceed  32.0  m/s.   When  used 
in  conjunction  with  wind  tunnel  measurements  of  pedestrian  level 
wind  velocities  (which  are  usually  normalized  to  form  a  ratio  of 
ground  level  wind  velocity-to-reference  level  mean  wind 
velocity),  an  annualized  (or  seasonal)  measurement  of  velocities 
which  will  be  exceeded  a  given  percentage  of  time  can  be  derived, 

The  data  in  Figures  A. 1-2  to  4.1-3  show  that  the  critical 
wind  directions  for  Boston  are  generally  from  the  west  and 
northwest. 

Winds  from  other  directions  must  be  considered  inasmuch  as 
occasional  severe  impacts  may  occur,  but  in  terms  of  optimizing 
a  massing  scheme  for  the  project,  the  direction  identified  above 
is  predominant. 

4.1.3.   Wind  Significance  Criteria 

Many  different  wind  engineers  have  attempted  to  develop 
criteria  for  measuring  the  significance  of  various  wind  speeds. 
The  first  credible  attempt  at  developing  wind  criteria  is 
probably  the  Beaufort  Scale  developed  by  Admiral  Beaufort  based 
upon  his  19th  century  observations.   Contemporary  wind 


1196/3231f 


4.1-10 


significance  criteria  have  been  suggestea  by  Davenport  (1972), 
Lawson  (1973),  Penwarden  &  Wide  (1975),  Hunt,  Poulton  &    Mumford 
(1976),  Cohen  et  al  (1977)  and  Melbourne  (1978). 

The  various  criteria  can  often  be  quite  confusing.   Some 
are  based  upon  average  wind  speeds,  others  upon  wind  gust 
speeds.   Some  are  based  upon  frequency  of  occurrence  of  wind 
speeds,  others  are  based  upon  type  of  activity  to  be 
accommodated.   Many  are  based  on  combinations  of  these  factors. 
All  are  influenced  by  the  judgment  of  the  authors  and  the 
windiness  of  the  environment  to  which  the  authors  and  their  test 
populations  are  normally  exposed.   In  short,  acceptability  of 
winds,  like  temperature,  may  vary  considerably  from  region  to 
region  and  from  person  to  person. 

In  Boston,  the  BRA  uses  two  sets  of  wind  criteria.   The 
first  criteria  is  based  on  gust  velocities  and  the  second  on 
mean  wind  speeds.   The  first,  and  primary  criterion,  is  the  BRA 
wind  design  guidance  level  which  was  derived  from  several 
studies  but  relied  most  heavily  on  the  Cohen  studies,  conducted 
in  Boston,  in  which  measured  wind  speeds  were  correlated  with 
the  observed  response  of  the  pedestrian  population  in  the 
downtown  area.   The  BRA  requires  that  effective  gust  velocities 
(defined  as  average  hourly  wind  speeds  +  1.5  root-mean-square) 
exceeded  1%  of  the  time  should  be    31  mph  (or  13.8  mps).   This 
criterion  was  selected  as  the  primary  criterion  since  it 
reflects  local  perceptions  of  acceptable  wind  levels,  and 
because  it  is  a  relatively  straight-forward,  easily  interpreted 
design  guideline.   This  criterion  has  also  been  applied  by  BRA 
in  all  wind  studies  for  tall  buildings  in  Boston  over  the  past 
several  years.   This  criterion  has  typically  been  applied  for 
design  guidance  rather  than  as  an  absolute  acceptability 
measure.   The  BRA  has  asked  prospective  developers  to  explore 
mitigating  measures  for  designs  which  are  predicted  to  exceed 
this  design  guidance  criterion. 
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The  supplementary  criteria  that  is  used  by  the  BRA  are  the 
Melbourne  "International  Pedestrian  Comfort  Criteria"  depicted 
in  Figure  4,1-7.   These  are  probablistic  criteria  for  hourly 
average  pedestrian  winds  for  a  variety  of  human  activities.   The 
vertical  scale  is  the  average  hourly  velocity  in  miles  per  hour; 
the  horizontal  scale  is  the  frequency  of  occurrence  of  the  wind 
speed.   The  four  curves  on  the  graph  separate  five  comfort 
zones.   The  upper  zone  represents  hazardous  wind  speeds,  the 
second  zone  indicates  wind  speeds  that  may  be  safe  but 
uncomfortable  for  walking,  the  third  zone  indicates  comfortable 
walking  environment;   the  fourth  zone  inoicates  wind  speeds  low 
enough  to  accommodate  short  term  stationary  exposures,  and  the 
fifth  and  final  zone  indicates  wind  speeds  acceptable  to 
accommodate  long-term  stationary  activities.   As  points  of 
references  two  additional  features  have  been  added  to  the 
graphical  representation  of  the  Melbourne  criteria.   One  is  the 
BRA  criterion,  adjusted  to  approximate  mean  wind  speed  rather 
than  an  effective  gust  velocity  (i.e.,  U  +  1.5  RMS  (i  31  mph  =  U 
g  23  mph*) . 

The  BRA  gust  velocity  criterion  fits  within  the  bottom  of 
the  second  Melbourne  zone  -  safe  but  uncomfortable  for  walking. 
The  second  feature  added  to  the  graph  is  the  dotted  curve  repre- 
sentative of  average  wind  speed  data  observed  at  Logan  Airport. 
This  curve  also  fits  within  the  "safe  but  uncomfortable  for 
walking"  zone,  just  below  the  BRA  gust  velocity  criterion.   Wind 
speeds  above  the  dotted  line  indicate  conditions  in  which  urban 
design  elements  have  increased  wind  levels;  levels  below  the 
dotted  line  indicate  that  urban  landscape  features  have  reduced 
ambient  wind  levels.   Boston  is  an  extremely  windy  city.   Small 
changes  in  the  natural  wino  caused  by  new  construction  can 
result  in  exceedances  of  the  BRA  gust  velocity  criterion  or  even 
the  hazardous  wind  levels  suggested  by  the  Melbourne 
International  Pedestrian  Comfort  Criteria. 


U/Uinf  =  0.45  and  Upms/Uinf  =  0.11 
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Accordingly,  care  must  be  taken  in  applying  the  wind 
significance  criteria,  and  in  interpreting  the  significance  of 
wind  levels  in  Boston.   One  additional  method  which  we  use 
repeatedly  is  to  compare  existing  conditions  to  those  that  occur 
with  the  new  building.   In  our  quantitative  studies,  we  first 
measure,  in  the  lab,  the  winds  without  the  new  building.   Next, 
we  measure  the  winds  with  the  building.   Such  measurements  are 
repeated  at  many  points  in  the  vicinity  of  the  new  building.   We 
then  look  at  the  assembly  of  test  points  and  determine  if,  on 
the  average,  the  new  building  increases  or  reduces  the  ground 
level  winds. 

A. 1.4   Qualitative  Analysis 

4.1.A.1   Introduction 

The  qualitative  analysis  involved  visually  observing  wind 
flow  patterns  associated  with  125  Summer  Street  utilizing  a 
smoke  tracer.   The  objectives  of  the  analysis  were  as  follows: 

1)  Provide  general  conclusions  on  the  nature  of  the  wind 
environment  in  the  project  site  area. 

2)  Describe,  qualitatively,  the  nature  and  locations  of 
project-related  changes  in  the  wind  environment. 

3)  Compare  the  wind  environment  at  the  125  Summer  Street 
site  to  wind  conditions  adjacent  to  other  buildings 
in  Boston. 

4)  Provide  information  for  selecting  study  locations  for 
the  Quantitative  Analysis  which  details  wind  impacts 
in  absolute  terms. 


These  objectives  were  accomplished  through  visual 
observations  of  "smoke  testing"  in  the  wind  tunnel  under  a 
variety  of  wind  speeds  and  directions.   A  photograph  of  the 
model  used  in  these  tests  is  given  in  Figure  4.1-8. 
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FIGURE   ^.1.8 


PHOTOGRAPH  OF  WIND  TUNNEL  MODEL  FOR 
125  SUMMER  STREET  TESTS 
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4.1. A. 2   Study  Approach 

Pedestrian  level  winds  associated  with  the  proposed  125 
Summer  Street  building  were  visually  studied  in  the  Boston 
University  wind  tunnel.   This  boundary  layer  wind  tunnel  is  the 
facility  formerly  owned  and  operated  by  Bolt  Beranek  and  Newman, 
Inc.   It  has  been  used  for  previous  wind  studies  at  several 
Boston  sites  including  101  and  150  Federal  Street  Buildings. 

The  bounoary  layer  tunnel  is  60  feet  long,  with  a  cross 
section  of  6  feet  by  8  feet.   Turntables  are  mounted  in  the 
floor  to  allow  for  the  placement  of  scale  models  mounted  on  an  8 
foot  diameter  disk.   A  diagram  of  the  tunnel  is  provided  in 
Figure  4.1-9. 

The  wind  tunnel  is  specifically  designed  to  model 
atmospheric  winds  by  intaking  air  between  spires  at  the  mouth  of 
the  wind  tunnel.   Surface  roughness  is  simulated  by  drawing  the 
wino  over  a  long,  upwind  array  of  surface  mounted  blocks. 
Velocity  profiles  may  be  varied  by  adjusting  the  spacing  of  the 
blocks  and  spires.   Flow  rate  is  controlled  by  either  of  two  fan 
arrangements.   A  pair  of  smaller,  lower  power,  fixed-speed  fans 
is  used  for  flow  visualization  studies.   Quantitative  studies 
are  done  with  a  2.1  meter  diameter,  6  blade  constant  pitch  fan 
powered  by  a  30  hp  motor  with  variable  speed  drive. 

A  1/384  scale  model  of  the  125  Summer  Street  building  and 
its  surroundings  was  built  on  the  8  foot  diameter  model  disk. 
The  model  simulates  an  area  of  about  3000  feet  in  diameter.   The 
model  disk  includes  all  existing  structures  within  about  1500 
feet  of  the  disk  center.   It  also  includes: 

i)  150  Federal  Street 

ii)  101  Federal  Street 

iii)  39    Summer  Street,  and 

iv)  101  Arch  Street 
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A  smoke  tracer  was  used  to  provide  the  flow  visualiza- 
tion.  The  tracer  was  provided  by  mounting  titanium  tetra 
chloride  vials  on  a  movable,  hand-held  probe.   The  probe  was 
manipulated,  manually,  by  personnel  in  the  wind  tunnel  to 
provide  a  "smoke"  plume  at  preselecteo  points. 

Two  iterations  of  flow  visualization  testing  were 
undertaken.   The  first  iteration  involved  extensive  viewing  of 
flow  patterns  associated  with  winds  from  each  of  the  eight  major 
compass  directions  for  both  the  Build  and  No-Build 
configurations.   This  iteration  involved  carefully  moving  the 
smoke  probe  through  the  project  area,  with  and  without  the 
proposed  project,  at  the  points  shown  in  Figure  4.1-10.   Wind 
patterns  were  observed  at  and  between  the  points  shown.   In 
addition,  the  probe  was  moved  vertically  to  examine  winds 
deflecteo  down  the  face  of  the  proposed  project.   This  iteration 
was  videotaped  for  subsequent  review  and  analysis  and  to  provide 
permanent  record  of  the  visualization  testing. 

The  second  iteration  involved  a  detailed  examination  of  the 
videotapes.   This  was  undertaken  by  viewing  the  uncut  original 
videotapes.   These  originals  provide  a  quality  record  of  the 
"smoke  testing"  and  were  utilized  in  selecting  study  locations 
for  the  quantitative  analysis. 

4.1.4.3   Qualitative  Wind  Tunnel  Test  Results 

Winds  in  the  project  area  of  the  proposed  125  Summer  Street 
building  are  primarily  dominated  by  existing  high-rise 
structures.   The  key  feature  is  the  100  Summer  Street  building 
opposite  the  project  site  to  the  north.   The  south  facing  side 
of  this  high-rise,  especially  towards  the  southwest  corner  of 
the  building,  is  presently  recognized  as  one  of  the  windiest 
areas  in  the  city.   To  lesser  degrees  other  nearby  high-rise 
structures  also  modify  the  local  wind  patterns  as  well.   One 
Financial  Center  to  the  southeast,  99  Summer  Street  to  the  west, 
and  the  Fiouciary  Trust  Building  to  the  northeast  all  have  some 
noticeable  effects  on  the  winds  trajectory  along  city  streets  in 
the  project  area. 
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For  most  wind  directions,  the  addition  of  125  Summer  Street 
appears  to  only  effect  winds  at  streets  and  peoestrian  ways 
'directly  adjacent  to  the  project  site.   The  dominant  effects  of 
nearby  taller  structures  significantly  diminishes  the  proposed 
project's  effects  away  from  its  site.   The  predominant  wind 
feature  of  the  proposea  125  Summer  Street  building  is  only  its 
potential  for  increasing  wind  speeds  at  pedestrian  ways  at 
groundlevel  corners  , of  the  project  site.   Under  the  existing 
configuration,  for  some  wind  directions,  the  wind  flow  pattern 
at  the  project  site  is  over  the  existing  buildings.   Construc- 
tion of  the  tower  portion  of  the  proposed  project,  however,  will 
cause  winds  to  be  deflected  down  its  windward  face  and  result  in 
additional  flow  around  its  corners  as  opposed  to  over  the  top. 
The  setback  (or  podium)  design  of  the  project's  tower,  though, 
aids  in  mitigating  potential  groundlevel  wind  speed  increases  at 
pedestrian  ways  adjacent  to  the  project.   Positive  effects  of 
the  proposed  125  Summer  Street  building  were  also  noted  as  the 
project  provides  sheltering  at  Summer  Street  when  winds  are  from 
a  southerly  direction.   In  addition,  the  proposed  project,  in  a 
number  of  cases,  appears  to  reduce  wind  flow  toward  corners  of 
100  Summer  Street  by  drawing  the  air  stream  adjacent  to  the 
project  site  into  its  own  wake  region. 

The  qualitative  wind  tunnel  study  of  the  proposed  project 
provided  the  following  information  by  wind  oirection;* 

North  Wind  : 

Wind  flow  patterns  in  the  project  area  were  dominated  by 
the  100  Summer  Street  building  which  is  north  of  the 
project  area.   The  wake  of  100  Summer  Street  at  125  Summer 
Street  was  most  apparent  as  winds  were  accelerated  around 
the  southwest  corner  of  this  building  and  drawn  up  its  back 
side.   Winds  in  this  wake  area  appeared  turbulent  and  of  low 


The  Figures  4.1-11  through  A. 1-18,  present  flow  patterns 
associated  with  construction  of  the  project. 
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speed.   A  vertical  vortex  in  the  plaza  area  on  the  east 
side  of  100  Summer  Street  was  also  evident.   The  primary 
impact  of  the  project  appeared  to  be  some  accelerated  flow 
at  its  northeast  and  northwest  corners.   The  set  back  of 
the  tower  portion  of  the  project  aided  in  mitigating 
potential  wind  levels  at  these  locations.   Under  both  the 
existing  and  Build  configurations  low  wind  speeds  were 
noted  along  the  south  side  of  the  project  site  near  its 
southwest  corner.   Under  the  Build  configuration  a  vertical 
vortex  up  the  back  side  of  123  Summer  Street  was  evident. 

The  flow  patterns  associated  with  the  north  wind  conditions 
and  the  proposea  project  in  place  are  depictea  in  Figure 
A. 1-11. 

Northeast  Wind: 

Wind  flow  directly  upwind  of  the  project  was  dominated  by 
the  100  Summer  Street  and  101  Federal  Street  buildings. 
Wind  levels  in  the  wake  area  of  100  Summer  Street  near  the 
northwest  corner  of  125  Summer  Street  were  of  low  speed. 
Noted  windy  locations  were  along  the  Surface  Artery 
adjacent  to  the  project  site  under  both  the  No-Build  and 
Build  configuration  and  along  Columbia  Street  near  Bedford 
Street.   Under  the  No-Build  configuration  winds  were 
channeled  along  Columbia  Street  and  around  the  northwest 
corner  of  the  elevator  garage  onto  Bedford  Street.   This 
channeling  appeared  somewhat  diminished  with  the  project  as 
the  wake  region  of  125  Summer  Street  drew  the  air  stream 
back  away  from  Columbia  Street  and  vertically  upward. 
Accelerated  flow  as  a  result  of  the  project  was  evident  at 
the  northeast,  northwest,  and  southeast  corners  of  the 
proposed  project.   Low  speeds  were  noted  along  Lincoln 
Street  in  the  wake  region  of  125  Summer  Street.   These  flow 
patterns  are  shown  in  Figure  4.1-12. 
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FIGURE  4.1-11   LOCAL  WIND  FLOW  PATTERNS  FOR  NORTH  WINDS 
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FIGURE  A. 1-12   LOCAL  WIND  FLOW  PATTERNS  FOR  NORTHEAST  WINDS 


East  Wing ; 

Wina  flow  patterns  for  east  winds  in  the  project  area  are 
presentea  in  Figure  4.1-13.   High  winds  were  observed  at 
the  Surface  Artery  south  of  the  project  area  and  along 
Summer  Street  as  winds  are  channeled  between  100  Summer 
Street  and  the  project  site.   Windy  conditions  were  also 
observed  at  the    southwest  corner  of  100  Summer  Street  and 
along  Bedford  Street  near  the  southwest  corner  of  99   Summer 
Street.   Calm  conditions  as  a  result  of  the  project's  wake 
were  observed  on  the  west  side  of  the  project.   Accelerated 
flow  around  the  corners  of  the  proposed  building  were 
evident,  however,  the  podium  design  of  the  building  appears 
to  mitigate  the  accelerated  corner  flow  to  some  extent.   In 
addition,  the  observed  flow  at  the  northwest  corner  of  the 
proposed  125  Summer  Street  project  appears  to  redirect  a 
portion  of  the  air  stream  away  from  the  southwest  corner  of 
the  100  Summer  Street  building  by  drawing  it  back  into  its 
own  wake  region  along  Lincoln  Street. 

Southeast  Wind: 

Flow  patterns  around  the  project  site  are  to  some  extent 
affected  by  the  wake  region  of  One  Financial  Center.   Windy 
conditions  were  observed  at  the  northeast  corner  of  this 
high-rise  building.   To  the  east  of  the  project  site  low 
speeds  were  observed  under  the  No-Build  configuration. 
Smoke  testing  demonstrated  some  accelerated  flow  along  the 
eastern  edge  of  the  proposed  building  as  winds  down  the 
windward  face  of  the  proposed  125  Summer  Street  building 
were  accelerated  around  the  southeast  and  northeast 
corners.   Lower  wind  speeds  were  evident  in  the  wake  region 
at  the  northwest  corner  of  the  project,  however, 
accelerated  flow  at  the  southwest  corner  of  100  Summer 
Street  was  evident  under  both  the  Build  and  No-Build 
configurations.   Again,  a  vertical  vortex  was  noted  in  the 
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FIGURE  4.1-13   LOCAL  WIND  FLOW  PATTERNS  FOR  EAST  WINDS 
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plaza  area  on  the  east  side  of  the  100  Summer  Street 
building.   Low  wind  speeds  were  observed  in  this  plaza 
area,  however,  at  the  southeast  corner  of  100  Summer  Street 
gusty  winds  were  noted.   Flow  patterns  for  southeast  winds 
are  conceptualized  in  Figure  4.1-14. 

South  Wind: 

Wind  flow  patterns  associated  with  a  south  wina  are 
presented  in  Figure  4.1-15.   Reduced  wind  speeds  along 
Summer  Street  in  the  wake  region  of  the  proposed  project 
was  one  of  the  most  notable  features  as  the  air  flow  was 
drawn  up  the  back  of  125  Summer  Street.   The  project  does 
demonstrate  higher  wind  speeds  along  its  east  side,  as  was 
also  evident  under  southeast  winds.   Under  the  No-Build 
configuration  winds  generally  pass  directly  over  the 
existing  buildings  at  the  project  site.   However,  the 
height  of  the  proposed  project  causes  winds  to  accelerate 
around  the  building  toward  the  low  pressure  area  created 
near  building  corners.   Windy  conditions  were  again 
observeo  at  the  southwest  corner  of  100  Summer  Street. 
However,  potential  wind  speed  reductions  were  noted  along 
Summer  Street  due  to  the  presence  of  the  proposed  project. 

Southwest  Wind; 

Windy  conditions  were  observed  along  the  south  side  of  the 
project  as  the  air  stream  flowed  northward  along  the 
Surface  Artery.   Gusty  conditions  were  observed  opposite 
the  northwest  corner  of  the  proposed  project  as  winds  were 
channeled  eastward  along  Bedford  Street  and  around  the 
southeast  corner  of  99  Summer  Street  up  along  Devonshire 
Street.   Accelerated  corner  flow  was  observed  at  the 
northwest  and  southeast  corners  of  the  proposed  125  Summer 
Street  building  as  winds  were  drawn  toward  its  wake 
region.   However,  low  speeds  were  observed  along  the  east 
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FIGURE  4.1-lA   LOCAL  WIND  FLOW  PATTERNS  FOR  SOUTHEAST  WINDS 
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FIGURE  A. 1-15   LOCAL  WIND  FLOW  PATTERNS  FOR  SOUTH  WINDS 
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side  of  the  project  in  the  wake  region.   Opposite  the  north 
side  of  the  project  site  winds  drawn  into  the  plaza  area  on 
the  lee  side  of  100  Summer  Street  flowed  up  the  back  of 
this  high-rise  structure.   Wina  flow  associated  with 
southwest  winds  are  shown  in  Figure  4.1-16. 

West  Wina: 

Wind  flow  patterns  in  the  project  area  were  dominated  by 
the  presence  of  100  Summer  Street  and  to  some  degree  99 
Summer  Street.   Windy  conditions  were  observed  along  the 
south  side  of  100  Summer  Street.   At  the  100  Summer  Street 
plaza  area  (located  in  the  wake  region)  a  very  tight 
vertical  vortex  was  observed  up  the  back  side  of  100  Summer 
Street.   Low  speeds  were  observed  at  both  Lincoln  and 
Summer  Streets  adjacent  to  the  project  while  gusty  winds 
were  evident  along  the  south  side  of  the  project  site  near 
the  vent  building.   Accelerated  flow  as  a  result  of  the 
project's  construction  were  noted  at  its  northwest  and 
southwest  corners.   The  towers  set  back,  however,  aided  in 
mitigating  ground  level  corner  flow  of  winds  deflected  down 
its  windward  face.   Flow  patterns  are  depicted  in  Figure 
4.1-17. 

Northwest  Wind: 

The  presence  of  the  100  Summer  Street  again  dominated  the 
wind  flow  patterns  around  the  project  site.   Windy 
conditions  were  observed  at  the  southwest  corner  of  100 
Summer  Street  and  along  Summer  Street  adjacent  to  the 
project  site.   Low  wina  speeds  were  observed  in  the  100 
Summer  Street  Plaza  area  and  along  the  south  side  of  the 
proposed  project.   Near  calm  conoitions  were  apparent  along 
the  east  side  of  125  Summer  Street  in  its  wake.   The  podium 
design  of  the  project  appeared  to  mitigate  winds  at  its 
northeast  corner.   Flow  patterns  under  northwest  winds  are 
depictea  in  Figure  4.1-18. 
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FIGURE  4.1-18   LOCAL  WIND  FLOW  PATTERNS  FOR  NORTHWEST  WINDS 
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FIGURE  4.1-17   LOCAL  WIND  FLOW  PATTERNS  FOR  WEST  WINDS 


FIGURE  4.1-16   LOCAL  WIND  FLOW  PATTERNS  FOR  SOUTHWEST  WINDS 


4.1.4.4   Conclusions 

The  results  of  the  qualitative  wine  tunnel  testing  are 
summarized  as  follows: 

1)  Wind  flow  patterns  in  the  125  Summer  Street  project 
area  are  primarily  influenced  by  100  Summer  Street. 
To  a  lesser  extent,  the  One  Financial  Center  and  99 
Summer  Street  buildings  influence  wind  patterns 
around  the  project  site. 

2)  High  wind  velocities  were  observed  near  the  southwest 
corner  of  the  100  Summer  Street  building.  These  high 
speeds  occurred  when  winds  were  from  the  north,  east, 
south,  and  northwest. 

3)  Windy  conditions  along  Summer  Street  between  the  100 
Summer  Street  and  the  proposed  125  Summer  Street 
project  were  also  apparent  when  winds  were  from  the 
east,  southeast,  west,  and  northwest  directions. 

4)  Effects  of  the  proposed  project  on  the  wind  flow 
patterns  was  primarily  limited  to  pedestrian  ways 
directly  adjacent  to  the  project  site.   Due  to  the 
proposed  height  increase  at  this  site  accelerated 
flow  was  observed  at  one  or  more  corners  for  most 
wind  directions. 

5)  The  proposed  125  Summer  Street  project  provided  some 
sheltering  along  Summer  Street  when  winds  were  from 
the  south. 
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6)     During  east  winds  the  proposed  building  appears  to 
draw  the  air  stream  along  the  project's  half  of 
Summer  Street  into  its  wake  instead  of  allowing  it  to 
flow  toward  the  southwest  corner  of  100  Summer  Street 
as  was  evident  under  the  No-Build  configuration.   A 
similar  effect  occurs  when  winds  are  from  the  west. 
In  this  case  the  air  stream  along  the  project's  half 
of  Summer  Street  is  drawn  into  its  wake  region 
insteaa  of  the  100  Summer  Street  plaza  area. 


4.1.4.5   Proposed  Test  Measurement  Locations  for  the 
Quantitative  Analysis 


The  major  purpose  of  the  flow  visualization  study  was  to 
select  locations  for  placement  of  hot  wire  anemometers  for 
subsequent  quantitative  wind  tunnel  testing.   The  resulting 
array  of  suggested  measurement  locations  are  presented  in  Figure 
4.1-19.   Nineteen  locations  were  selected  following  review  of 
videotapes  of  wind  effects  for  each  of  the  major  wind 
directions.   The  BRA  reviewed  these  points  and  requested  an 
additional  ten  points  for  study.   These  points  are  labelled  1 
through  29  and  are  the  subject  of  the  quantitative  analysis 
discussed  in  the  following  section. 

A. 1.5.   Quantitative  Analysis 

4.1.5.1   Introduction 

The  quantitative  analysis  involved  making  numerical 
estimates  of  wind  levels  at  selected  study  locations  surrounding 
the  125  Summer  Street  site.   The  numerical  estimates  are  based 
upon  wind  tunnel  tests  in  which  hot  wire  anemometers  were  useo 
to  measure  wind  speeds  at  the  29  receptor  locations  depicted  in 
Figure  4.1-19. 
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ORIGINAL  19  LOCATIONS 


ADDITIONAL  LOCATIONS 


FIGURE  4.1-19   STUDY  LOCATIONS  FOR  QUANTITATIVE  ANALYSIS 
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The  hot  wire  tests  were  run  both  for  the  project,  as 
proposed,  and  for  a  "No-Build"  condition  in  which  the  site  was 
not  developed.   The  results  of  the  quantitative  wind  tunnel 
modeling  have  been  used  to  compare  these  two  conditions  to  each 
other,  to  the  ambient  wind  environment  in  Boston,  to  reported 
wind  levels  at  other  sites  in  Boston  and  to  the  wind 
significance  criteria  introduced  in  Section  4.1.3  of  this 
chapter.   The  subsequent  subsections  of  the  quantitative 
analysis  describe: 

4.1.5.2  Methods 

4.1.5.3  Evaluation  by  the  BRA  Criteria 

4.1.5.4  Evaluation  by  the  Melbourne  Criteria 

4.1.5.5  Mitigating  Measures 

4.1.5.6  Conclusions 

4.1.5.2   Methods  • 
General 

Pedestrian  level  velocity  measurements  were  performed  in 
the  Boston  University  atmospheric  boundary  layer  tunnel.   A 
detailed  description  of  the  wind  tunnel  and  City  of  Boston  model 
utilized  in  the  study  is  provided  in  the  Qualitative  Analysis 
(Section  4.1.4.2). 

The  moael,  which  is  mounted  on  a  turntable,  is  rotated  (1 
Rev/600  Seconds)  within  the  wind  tunnel  to  simulate  all  wind 
directions  while  a  hot  wire  anemometer  is  positioned  at  study 
locations  to  record  wind  velocity.   Both  data  gathering  and 
turntable  motion  were  automatically  driven  by  computer.   The 
computer  system  was  an  IBM  PC  EX  using  a  Metra  Byte  Dash  16  A-D 
boara  running  in  the  DMA  mode.   Mean  and  root-mean-square  (RMS) 
wind  velocities  were  gathered  at  3  degree  intervals  for  each  360 
degree  rotation  of  the  model,  resulting  in  120  data  sets.   Each 
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of  these  data  sets  consists  of  102A  hot  wire  measurements 

sampled  at  300  Hertz  over  a  span  of  approximately  2  degrees. 

Non-dimensional  wind  velocities  were  calculated  by  dividing  by 

the  wino  reference  velocity  at  30  inches  in  the  tunnel  which 

corresponds  to  960  feet  at  full  scale. 

Mean  and  effective  gust  velocities  (U.,     +1.5  U^,,-)  at 

^  Mean       RMS 

each  study  location  were  calculated  from  wind  tunnel  results  in 
conjunction  with  Boston  climatological  wind  data  as  detailed 
below.   Finally,  results  of  the  quantitative  analysis  were 
compared  to  the  BRA  wind  design  guidance  level  and  Melbourne 
criteria  described  in  Section  4.1.3. 

Wind  Exposure  Profile 

The  atmospheric  boundary  layer  for  both  the  qualitative  and 
quantitative  analysis  was  approximated  employing  a  power  law 
profile  of  the  mean  velocity.   The  power  law  profile  utilized 
was  of  the  form: 


U(z)  = 
U 


where  U(z)  is  the  mean  velocity  at  the  height  z,  U   is  the 

^    '   g 

wind  velocity  at  gradient  height,  and  a    is  the  power  law 
exponent.   The  wind  profile  exponent,  a ,  is  a  function  of 
surface  roughness  and  generally  ranges  from  0.14  for  open 
terrain  to  0.40  for  large  urban  centers. 

For  the  125  Summer  Street  project  a  single  wind  profile 
exponent  of  0.30  was  used.   This  wind  profile  exponent,  which 
corresponds  to  suburban/urban  terrain,  was  selected  consistent 
with  other  wind  tunnel  studies  performed  for  projects  well 
within  the  financial  district  which  had  a  range  from  0.23  to  0.30 
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Wind  Data  Base 

National  Weather  Service  anemometers  at  Logan  International 
Airport  provide  a  major  source  of  local  surface  wind  data.   This 
surface  data  must  be  translated  to  gradient  height  by  use  of 
assumed  velocity  profiles.   Such  profiles  may  vary  with  wind 
direction  for  a  location  like  Logan  Airport  due  to  differing 
upwind  surface  conditions.   Fortunately,  in  addition  to  the 
Logan  surface  measurements,  "winds  aloft"  data  is  available 
obtained  by  weather  balloon  releases.   This  data  set  provides 
information  on  winds  up  to  the  top  of  the  atmospheric  boundary 
layer.   The  records  are  of  observations  of  wind  speeds  500m 
above  ground.   This  data  set  was  used  to  develop  a  statistical 
model  of  the  winds  above  the  atmospheric  boundary  layer. 

The  pedestrian  wind  environment  is  judged  on  the  basis  of 
relatively  frequently-occurring  events  rather  than  on  the 
extreme  winds  which  must  be  used  in  the  design  of  the  building. 
Therefore,  a  different  approach  to  analysis  of  the  meterological 
data  base  is  appropriate.   Wind  records  maintained  by  the 
National  Oceanic  and  Atmospheric  Administration  are  compiled  in 
a  wind  summary  covering  some  period  (usually  10  years)  and 
consist  of  tables  of  observations  summarized  monthly  and 
annually.   The  summaries  are  divided  into  data  for  16  discrete 
wind  sectors  where  each  sector  is  22.5°  wide,  and  is  centered  on 
a  named  direction.   For  example,  north  winds  denoted  "N"  are 
winds  originating  from  compass  north  +11.25°.   Other  sectors 
include  northeast  (NE),  east-northeast  (ENE),  east  (E),  etc. 
Within  each  sector,  several  velocity  ranges  are  defined,  with 
the  number  or  percentage  of  observations  of  hourly  mean  wind 
speed  listed  in  each  range.   By  approximately  fitting  a 
probabilistic  model  to  the  data  for  each  wind  sector,  estimates 
can  be  made  of  the  probability  that  the  wind  will  exceed  some 
speed  for  each  sector.   The  total  probability  of  exceeding  the 
given  wind  speed  can  be  computed  by  combining  the  likelihood 
that  the  wind  will  originate  from  each  sector  with  the 
probability  that,  if  it  does,  a  given  wind  speed  will  be 
exceeded . 
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The  proabilistic  model  selected  to  fit  the  Boston  wind  data 
is  a  Weibull  distribution  having  the  following  mathematical  form: 


P.(>U)  =  exp[-(^  )^i] 
1  ^i 


where  P-(U)  denotes  the  probability  of  exceeding  velocity  U  at 
the  i    wind  direction  sector  and  K.  and  C^  are  constants 
(being  a  function  of  wind  direction).   The  constant  C^^ 
primarily  reflects  the  mean  speed  observeo  while  K^  relates 
primarily  to  the  rate  of  decay  of  probability  with  higher 
velocities  (U) . 

The  tabulateo  climatological  wind  data  were  fitted  to  this 
statistical  model  for  each  wind  direction  sector  and  month. 
Monthly  data  were  then  collated  to  define  appropriate  seasonal 
and  annual  wind  statistics.   This  was  accomplished  by  forming 
histograms  for  each  sector,  and  performing  a  least-squares 
analysis  to  approximate  one  "K^^,  C^^ "  pair  for  each  of  the 
four  seasons  and  annual  time  interval. 

The  statistical  fit  of  the  wind  data  is  performed  by 
summing  over  all  sectors  and  representing  the  total  probability 
of  exceeding  a  velocity,  U,  by  the  expression: 


16 

P  (>U)  =  ^ 

L=l 


P(^^) 


exp 


=1 


The  parameter  P{d.)  represents  the  fraction  of  time  that  the 
wino  blows  from  the  i  wind  direction  sector  and  is  derived 
from  tabluated  Boston  wind  data. 

This  model  includes  long  term  variations  by  utilizing 
climatological  data  for  each  of  the  16  wino  direction  sectors. 
The  data  base  consists  of  observations  of  wind  speeds  above  the 
maximum  altitude  to  which  the  atmospheric  boundary  layer  would 
penetrate.   In  experiments,  wind  speeds  were  referenced  to  an 
elevation  of  960  ft.   For  Boston  the  top  of  the  boundary  layer 
(gradient  height)  upstream  of  the  site  model  is  taken  to  be 
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approximately  1200  ft.   To  convert  the  statistical  model  of  wind 
speeds  at  the  gradient  height  to  wind  speeds  at  960  ft.,  the 
power  law  relation  was  used.   The  resulting  estimate  of  the 
ratio  of  mean  velocity  at  960  ft.  reference  height  to  mean 
velocity  of  500m  above  the  airport  is  0.935. 

The  statistical  model  representing  Boston's  wine  data  was 
further  refined  to  be  consistent  with  the  data  gathering 
procedure  of  recording  mean  and  RMS  wind  levels  at  three  degree 
increments.   Newly  derived  values  of  K.,  C.,  and  Po„  were 
developed  to  fit  Boston  wind  data  to  120  individual  azimuths 
(i.e.,  every  three  degrees).   The  refined  statistical  model  was 
therefore  redefined  utilizing  the  following  expression. 


120 

£ 

i=l 


P  (>U)  =  Z_  P(O^)      exp 


u 


'<! 


Thus,  wind  tunnel  velocity  measurements  taken  at  three  degree 
intervals  could  be  merged  with  a  complete  set  of  Boston  wind 
oata  of  similar  form.   Figures  4.1-2  through  4.1-6  show  polar 
plots  of  probable-azimuths-of -occurrence  and  probability-of- 
exceedance  of  the  mean  velocity  at  the  960  ft.  reference  height 
at  the  project  site. 

Data  Reduction 

Tests  performed  in  the  Boston  University  wind  tunnel 
involved  monitoring  wind  speed  at  the  gradient  height  in 
conjunction  with  recording  pedestrian  level  wind  velocities  at 
all  study  locations  presented  in  Figure  4.1.19.   Measurements  of 
the  gradient  height  wind  velocity  were  made  using  the  tunnels 
pitot  static  probe,  while  pedestrian  level  wind  velocities  were 
determined  with  a  hot-wire  anemometer.   The  tunnel  pitot  probe 
was  cross  calibrated  with  laboratory  instrumentation  and  the 
hot-wire  anemometer  was  then  calibrated  against  the  calibrated 
tunnel  pitot  tube.   The  gradient  height  velocity  was  maintained 
at  a  constant  speec  of  9.84  meters  per  second. 
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Wind  velocity  data  recorded  during  the  wind  tunnel  tests 
were  reduced  to  provide  a  normalized  mean  and  effective  gust 
velocity  (egv)  as  a  function  of  wind  direction  at  each  study 
location  for  both  the  No-Build  and  Build  alternatives.   These 
normalized  parameters  are  defined  as  follows: 


i)  normalized 
mean  velocity 


U_   =      TT- 


where 


U  =  mean  velocity  measured  at  pedestrian 
level 

U  =  gradient  height  velocity 


U  +  1.5  U 


ii)   normalized  egv 


egv  = 


RMS 


where:  U 


RMS 


is  the  root-mean-square  of  the  time 
varying  velocity  component  (u(t))  such 
that  the  wind  velocity  is  given  by 
U(t)  =  U  +  u' (t)  or: 


'RMS 


5  (u'(t))   dt 

0 


1/2 


The  mean  velocity  therefore  is  a  measure  of  the  average  wind 
velocity  component  while  the  egv  provides  an  indication  of  the 
degree  of  gustiness  at  a  study  location. 

To  enable  comparison  to  the  comfort  criteria  presentee  in 
Section  4.1.3,  the  wina  velocity  data  were  merged  with  the 
previously  described  long-term  statistical  mooel  of  actual 
Boston  wind  data.   The  wind  tunnel  results  were  combined  with 
both  the  Boston  seasonal  and  annual  data  to  provide  cumulative 
probability  distributions  of  the  full  scale  mean  and  effective 
gust  velocities  at  each  study  location.   Finally  from  the 
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cumulative  probability  distribution,  mean  and  effective  gust 
velocities  exceeded  1,  5,  10,  20  and  50%  of  the  time  were 
determined  on  a  seasonal  and  annual  basis.   The  5%  -  20% 
occurrence  frequencies  correspond  to  criteria  for  more  casual 
use  of  the  pedestrian  spaces,  for  which  lower  wind  speeds  are 
appropriate  (see  Copley  Wind  Study  and  EIR). 

Quantitative  Analysis 

The  complete  data  are  contained  in  Appendix  A.   A  summary 
of  the  data  is  given  in  Table  4.1-2,  4.1-3,  4.1-4  and  4.1-5. 
Tables  4.1-2  and  4.1-3  give  the  mean  wind  speeds  exceeded  1,  5, 
and  20%  of  the  time  for  the  No-Build  and  Build  cases.   Tables 
4.1-4  and  4.1-5  give  the  gust  wind  speeds  exceeded  1.5  and  20% 
of  the  time  for  the  No-Build  and  Build  cases. 

In  Table  4.1-6,  we  organize  the  data  according  to  gust 
levels  for  the  No-Build  cases.   If,  in  the  No-Build  case,  a 
location  did  not  exceed  31.5  mph  then,  the  addition  of  the 
building  never  increases  the  gust  winds  above  the  informal  BRA 
criteria  of  31.5  mph.   There  are  several  locations  in  which  the 
existing  wind  exceeds  the  BRA  criteria.   In  all  but  one,  the 
addition  of  the  building  does  not  significantly  change  these 
winds.   However,  at  the  windiest  location,  the  building 
decreases  the  winds  by  3.3  mph.   Table  4.1-6  shows  that  there 
are  several  locations  at  which  gust  winds  increased  by  more  than 
2  mph  (points  3,  5,  6,  7,  14,  28,  29).   At  all  these  locations, 
the  1%  gust  velocities  are  less  than  31.5  mph. 

In  Table  4.1-7,  we  present  the  mean  wind  speeds  exceeded  1% 
of  the  time.   The  data  are  organized  as  in  Table  4.1.6.   In 
general,  those  areas  which  have  high  gust  level  will  have  high 
mean  winds.   Mean  winds  increase  by  more  than  2  mph  at  four 
stations  (7,  8,  14,  29).   In  all  of  these  locations,  the  winds 
with  125  Summer  Street  never  exceed  19  mph  more  than  1%  of  the 
time,  i.e.,  the  1%  mean  speeds  are  all  less  than  19  mph.   If  we 
refer  to  Figure  4.1-20,  we  see  that  the  Melbourne  criteria 
indicate  all  these  stations  are  acceptable  for  walking. 
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TABLE  A. 1-2 

125  SUMMER  STREET  NO-BUILD  MEAN  WIND  SPEEDS  (MPH) 

EXCEEDED  BY  FREQUENCY  OF  OCCURRENCE 


Location 

1 
2 
3 
4 
5 

6 

7 

8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

22 
23 

24 
25 
26 
27 

28 
29 


1% 

20.0 
16.4 
14.5 
14.4 
10.8 
13.8 
11.7 
11.1 
18.5 
21.2 


5% 


25. 
23, 

12. 
12, 


14.8 
20.5 
24.5 
15.2 
15.4 
16.3 
18.4 
9.8 
19.4 
19.3 
28.5 
28.0 
29.  1 
17.2 
11.1 


14.4 

11.8 

10.4 

9.3 

7.5 

10.2 

8.5 

8.2 

13.8 

16.1 

19.3 

16.5 

9.3 

8.9 

11.2 

12.8 

16.6 

11'.  0 

10.6 

11.5 

12.6 

7.4 

12.9 

14.1 

20.8 

20.9 

21.3 

12.8 

8.1 


20% 

9.7 
7.6 
7.2 


0 
2 
8 
6 
.2 


6, 

4. 

6. 

5. 

5, 

9.2 
10.6 
13.1 
10.1 

5.9 

5.5 

7.8 
7.5 

8.5 
7.3 

6.0 
7.3 


7. 

5, 

6. 

9, 
13. 
13.7 
13.4 

8.8 

5.1 


3 

0 
9 
0 
1 


1196/3231f 


4.1-43 


TABLE  4.1-3 

125  SUMMER  STREET  BUILD  MEAN  WIND  SPEEDS  (MPH) 

EXCEEDED  IN  TERMS  OF  FREQUENCY  OF  OCCURRENCE 


Location  1%  5%  20% 

1  18.2  13.7  9.5 

2  16.7  12.4  8.1 

3  15.7  11.0  7.3 

4  14.9  9.3  5.5 

5  9.6  6.6  3.5 

6  15.7  12.0  8.2 

7  18.7  14.1  9.2 

8  13.5  10.1  6.6 

9  19.5  13.8  8.9 

10  19.3  14.3  9.2 

11  26.2  19.8  13.3 

12  24.0  16.5  9.6 

13  10.9  7.8  5.0 

14  15.7  11.3  6.9 

15  16.4  12.3  8.4 

16  20.3  12.7  7.0 

17  24.1  16.5  7.9 

18  15.4  11.0  7.1 

19  13.8  9.4  5.4 

20  12.8  9.6  6.5 

21  17.5  11.9  6.9 

22  11.1  8.5  5.7 

23  17.4  11.6  6.3 

24  17.0  21.3  7.0 

25  28.1  20.1  11.8 

26  27.2  20.3  13.0 

27  26.3  19.5  12.6 

28  18.8  13.7  9.2 

29  14.2  10.7  7.7 
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TABLE  4.1-4 

125  SUMMER  STREET  NO-BUILD  GUST  WIND  SPEEDS  (MPH) 

EXCEEDED  IN  TERMS  OF  FREQUENCY  OF  OCCURRENCE 


Location 

1 

2 
3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

16 
17 

18 
19 

20 
21 

22 
23 
24 
25 
26 
27 

28 
29 


1% 


5% 


27.6 

26.5 
22.1 
22.8 
18.2 
21.0 
18.  5 
19.6 
30.7 
32.4 
32.6 
33.4 
19.8 
20.0 


24. 
30, 
34. 
24, 
22, 


24.8 

26.4 

18. 

30. 

29, 

37. 

37.8 

38.1 

27.4 

18.3 


9 

1 

,2 

3 


20.  1 
19.9 
15.9 
15.3 
12.9 
15.7 
13.9 
14.7 
22.8 
25.0 
25.2 
24.1 
15.0 
14.6 
18.2 
21.0 
23.8 
18.4 
16.2 
18.3 
18.8 
14.3 
20.7 
21.9 
28.1 
28.2 
28.  1 
20.3 
13.8 


20% 

13.7 
13.4 

11.0 

10.1 

7.7 

10.9 

9.7 

9.6 

15. h 

17.1 

17.5 

15.3 

10.0 

9.8 

12.8 

13.4 

13.8 
12.5 

9.9 
12.3 
12.1 
12.1 

11.8 
14.5 

18.7 

18.8 

18.3 

14.1 

9.3 
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TABLE  A. 1-5 

125  SUMMER  STREET  BUILD  GUST  WIND  SPEEDS  (MPH) 

EXCEEDED  IN  TERMS  OF  FREQUENCY  OF  OCCURRENCE 


Location  1%  5%  20% 

1  25.7  19.3  13.4 

2  26.1  19.9  13.6 

3  25.0  18.2  12.3 

4  22.0  15.4  9.9 

5  16.0  11.2  6.4 

6  24.4  18.8  13.0 

7  26.3  19.9  13.4 

8  20.6  15.7  10.8 

9  31.2  22.8  15.2 

10  31.2  23.8  16.1 

11  34.0  26.1  17.9 

12  33.5  24.0  14.9 

13  17.4  13.0  8.8 

14  25.6  18.5  11.7 

15  25.9  19.6  13.5 

16  30.5  20.7  12.7 

17  34.2  23.6  12.5 

18  24.0  17.8  12.2 

19  21.3  15.0  9.4 

20  21.8  16.7  11.6 

21  26.2  18.6  11.9 

22  20.6  15.6  10.5 

23  29.3  20.3  11.4 

24  25.9  18.5  12.1 

25  36.9  27.2  17.0 

26  37.2  27.9  18.3 

27  35.4  26.7  18.0 

28  30.5  22.7  15.4 

29  21.8  16.6  11.0 
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TABLE  4.1-6 

125  SUMMER  STREET  GUST  WIND  SPEEDS  EXCEEDED  1%  OF  THE  TIME 

ORDERED  IN  TERMS  OF  PRESENT  IMPORTANCE 


Location 

No  Build 

CMPH) 

27 

38.1 

26 

37.8 

23 

37.3 

17 

34.3 

12 

33.4 

11 

32.6 

10 

32.4 

9 

30.7 

16 

30.6 

23 

30.1 

24 

29.2 

1 

27.6 

28 

27.4 

2 

26.5 

21 

26.4 

20 

24.8 

18 

24.6 

15 

24.1 

4 

22.8 

19 

22.7 

3 

22.1 

6 

21.0 

14 

20.0 

13 

19.8 

8 

19.6 

22 

18.9 

7 

18.5 

29 

18.3 

5 

18.2 

Build 

Difference 

(MPH) 

(MPH) 

35.4 

-3.3 

37.2 

-0.6 

36.9 

-0.4 

34.2 

-0.1 

33.5 

0.1 

34.0 

1.8 

31.2 

-1.2 

31.2 

0.5 

30.5 

-0.1 

29.3 

-0.8 

25.9 

-3.3 

25.7 

-1.9 

30.5 

3.1 

26.1 

-0.4 

26.2 

-0.2 

21.8 

-3.0 

24.0 

-0.6 

25.9 

1.8 

22.0 

-0.8 

21.3 

-1.4 

25.0 

2.9 

24.4 

3.3 

25.6 

5.6 

17.4 

-2.4 

20.6 

1.0 

20.6 

1.7 

26.3 

7.8 

21.8 

3.5 

16.0 

2.2 

Overall  Reductions  16 
Increases   13 
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Because  we  have  called  out  locations  7  and  28  as  points  of 
concern,  we  have  plotted  them  in  terms  of  the  Melbourne  criteria 
in  Figure  A. 1-20.   We  find  that,  for  each  of  these  points,  the 
addition  of  the  new  building  places  these  locations  within  the 
limit  of  the  acceptable  range  for  walking.   According  to  these 
criteria,  these  locations  would  be  acceptable. 

4.1.5.3   Evaluation  by  the  BRA  Criteria 


As  present,  with  no  new  construction,  seven  locations 
exceed  the  informal  BRA  criteria  of  windiness.   In  five  of  these 
cases  the  new  building  reduces  these  winds,  in  two  of  the  cases 
the  new  building  increases  the  winds.   Also,  the  project  causes 
a  marginal  exceedence  at  one  additional  location  such  that  under 
the  build  configuration  eight  locations  exceed  the  31  mph 
criterion.   Because  of  measurement  error  we  must  decide  whether 
these  changes  are  significant.   Only  changes  greater  than  2  mph 
are  considered  significant.   From  this  point  of  view,  the  only 
significant  change  is  that  the  new  building  reduces  the  wind  at 
the  most  dangerous  location.   The  windiest  locations  are  as 
follows: 


Point  27  -  The  south  corner  of  the  Fiduciary  Trust 
Building.   At  this  location  the  winds  are  comparatively 
high  for  all  but  a  north  wind.   The  effect  of  the  new 
building  is  to  reduce  the  intensity  when  the  wind  carries 
from  the  west  or  east. 

Point  26  -  The  north  corner  of  Summer  Street  opposite 
Financial  Center.   This  location  is  close  to  location  27 
and  again  we  observe  comparatively  high  winds  from  all 
directions  except  north.   Shielding  due  to  the  new  building 
is  reduced  because  the  location  is  further  away  from  the 
new  building.   Nevertheless,  a  reduction  in  the  1%  gust 
level  is  observed. 


1196/3231f 


4.1-48 


Qj    Location     7 
PI   Location    10 


JO 
Q. 

E 


•D 

a> 
a 
CO 

■o 

c 


c 

03 


3 
O 

I 


DAYLIGHT  HOURS 


40 


30 


20 


10 


0 


ONCE 

ONCE 

PER 

PER 

WEEK 

MONTH 

ONCE 

PER 

YEAR 


UNACCEPTABLE, 
DANGEROUS 


MARGINALLY 
ACCEPTABLE 
UNCOMFORTABLE 


ACCEPTABLE 


1.0 


.01 


.001 


Probability  Of  Exceeding  Hourly 
Mean  Wind  Speed  :  P(U  U) 


FIGURE  4.1-20   LOCATIONS  7  AND  28  COMPARED  TO  MELBOURNE'S 

CRITERIA  FOR  AVERAGE  HOURLY  PEDESTRIAN 
WINDS  COMPARED  WITH  OTHER  REFERENCES 


HMM  Associates 


TABLE  4.1-7 

125  SUMMER  STREET  MEAN  WIND  SPEEDS  EXCEEDED  1%  OF  THE  TIME 

ORDERED  IN  TERMS  OF  PRESENT  IMPORTANCE 


Location 

No-Build 

(MPH) 

27 

29.1 

25 

28.5 

26 

28.0 

11 

25.2 

17 

24.5 

12 

23.3 

10 

21.2 

16 

20.5 

1 

20.0 

23 

19.4 

24 

19.3 

9 

18.5 

21 

18.4 

28 

17.2 

2 

16.4 

20 

16.3 

19 

15.4 

18 

15.2 

15 

14.8 

3 

14.5 

4 

14.4 

6 

13.8 

14 

12.9 

13 

12.9 

7 

11.7 

8 

11.1 

29 

11.1 

5 

10.8 

22 

9.8 

Build 

Difference 

(MPH) 

(MPH) 

26.3 

-2.7 

28.1 

-0.4 

27.2 

-0.8 

26.2 

1.0 

24.1 

-0.4 

24.0 

0.7 

19.3 

-1.9 

20.3 

0.2 

18.2 

-1.8 

17.4 

-2.0 

17.0 

-2.3 

19.5 

1.0 

17.5 

-0.9 

18.8 

1.6 

16.7 

0.3 

12.8 

-3.5 

13.8 

-1.6 

15.4 

0.2 

16.4 

1.6 

15.7 

1.2 

14.9 

0.5 

15.7 

1.9 

15.7 

2.8 

10.9 

-2.0 

18.7 

7.0 

13.5 

2.4 

14.2 

3.1 

9.6 

-1.2 

11.1 

1.3 

Overall  Reductions  12 
Increases   17 
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Point  25  -  The  north  corner  of  Financial  Center.   This 
location  is  close  to  locations  26  and  27  and  again  we 
observe  comparatively  high  winds  from  all  directions  except 
north.   Once  again  the  new  building  blocks  the  west  and 
eastwino  and  this  causes  a  reauction  in  the  1%  gust  level. 


Point  17  -  The  west  corner  of  Financial  Center. 


On  the 


velocity  diagrams  we  observe  very  high  winds  from  the 
south.   The  new  building  does  not  significantly  change 
these  winds. 

Point  12  -  The  southern  corner  of  100  Summer  Street.   Here 
the  highest  winds  occur  at  all  directions  except  for  a 
north  wind.   Wind  tunnel  results  indicated  a  gust  velocity 
increase  of  0.1  mph  which  is  well  within  the  resolution  of 
wind  tunnel  modeling. 


Point  11  -  The  southeast  corner  of  100  -Summer  Street 


Here 


the  highest  observed  winds  are  from  the  south  and  north. 
This  effect  is  probably  due  to  channeling  of  the  flow  along 
Devonshire  Street.   The  new  building  has  a  small  effect  on 
the  south  level  due  to  a  wind  that  causes  a  1.8  mph 
increase  in  the  1%  gust  level. 

Point  10  -  The  apex  of  the  intersection  of  Summer  and  West 
Bedford  Streets.   Here  the  highest  levels  are  due  to  the 
north  wind.   The  new  building  tends  to  lower  the  level  due 
to  the  north  wind  and  reduces  the  1%  gust  levels  by  1.2 
mph.   With  the  new  building,  this  location  exceeds  the  1% 
annual  gust  level  deemed  unacceptable  by  the  BRA  by  only 
0.2  mph. 

Point  9  -  At  study  location  9,  (the  northwest  corner  of  the 
project  site),  the  proposed  building  resulted  in  an 
increase  of  the  1%  gust  velocity  of  30.7  mph  under  the 
existing  case  to  31.2  for  the  build  configuration.   This 
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0.5  mph  increase  is  well  within  the  1  mph  accuracy  limits 
of  wind  tunnel  testing. 

4. 1.5. A   Evaluation  by  the  Melbourne  Criteria 

The  locations  that  have  the  highest  gust  winds  also  have 
the  highest  mean  winds.   Thus  we  can  discuss  the  same  points  as 
before.   Because  we  use  the  Melbourne  criteria  we  can  now 
arrange  the  points  into  three  broad  categories:   dangerous  (1% 
annual  mean  wind  greater  than  27.5  mph),  marginally  acceptable 
(1%  annual  mean  wind  less  than  27.5  mph  but  greater  than  19 
mph),  and  acceptable  (1%  annual  mean  wind  less  than  19  mph). 

Point  27  -  The  south  corner  of  the  Fiduciary  Trust 
Building.   At  present  this  location  is  dangerous.   The  new 
building  reduces  the  winds  so  that  the  location  is 
marginally  acceptable.   According  to  the  Melbourne  Criteria 
although  the  winds  are  decreased  at  this  location  with  the 
building,  they  are  still  unacceptable  according  to  the  BRA 
criterion  (mean  wind  speeds  not  exceeding  23  mph). 

Point  26  -  The  north  corner  of  Summer  Street  opposite  the 
Financial  Center.   At  present  this  location  is  dangerous. 
The  new  building  reduces  the  wind  level  but  the  location  is 
still  marginally  acceptable. 

Point  25  -  The  north  corner  of  Financial  Center.   At 
present,  this  location  is  dangerous.   The  new  building 
reduces  the  wind  from  28.5  mph  to  28.1  mph. 


Point  17  -  The  west  corner  of  Financial  Center 


This 


location  is  marginally  acceptable.   The  new  building 
reduces  the  mean  wind  level,  but  the  location  is  still  only 
marginally  acceptable. 
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Point  12  -  The  south  corner  of  100  Summer  Street.   At 
present  this  location  is  marginally  acceptable.   The  new 
building  increases  the  level  by  a  small  (0.7  mph)  amount 
and  the  location  remains  marginally  acceptable. 

Point  11  -  The  southeast  corner  of  100  Summer  Street.   At 
present  this  location  is  marginally  acceptable.   The  new 
building  increases  the  level  by  a  small  (1.0  mph)  amount, 
hence  the  location  remains  marginally  acceptable. 

Point  10  -  The  apex  of  the  intersection  of  Summer  and  West 
Bedford  Streets.   At  present  this  location  is  marginally 
acceptable.   The  new  building  reduces  the  level  so  that  the 
location  is  almost  (19.3  mph)  acceptable. 

The  most  pronounced  effect  of  the  new  building  was  at 
location  7,  the  southwest  corner  of  the  proposed  building.   We 
note  that  though  the  increase  in  mean  wind  speed  is  7.0  mph,  the 
location  is  still  well  within  the  acceptable  range  (18.7  mph) 
according  to  the  Melbourne  criteria. 

According  to  the  Melbourne  criteria,  there  are  four  other 
locations  that  are  now  only  marginally  acceptable.   These  are 
location  16,  23,  24,  and  1.   With  the  new  building  there  are  now 
only  two  aoditional  locations  that  are  marginally  acceptable:   9 
ana  16. 

A. 1.5. 5   Mitigating  Measures 

Normally  mitigating  measures  are  considered  for  new 
buildings  in  which  the  project  design  contributes  to  either  a) 
exceedances  of  the  BRA  wind  significance  criterion  or  b) 
significant  increases  in  ambient  winds  regardless  of  the 
absolute  value  of  winds.   These  conditions  are  largely  absent 
with  the  125  Summer  Street  project.   As  indicated  previously  in 
Table  4.1.7  only  4  test  locations  were  subjected  to  increases  of 
more  than  2.0  mph  in  mean  velocities  exceeded  1%  of  the  time. 
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These  increases,  however,  are  at  locations  with  the  lowest 
measured  mean  wina  speeds.   Even  with  the  increase  all  these 
points  are  acceptable  by  the  Melbourne  criteria.   At  the  higher 
end  of  mean  wind  speeds  only  at  locations  11  ana  12  were  small 
increases  noteo. 

Under  the  build  configuration  the  pedestrian  level  wind 
analysis  Demonstrated  eight  stuay  locations  with  measured  gust 
velocities  above  the  BRA  criterion  of  31  mph  (see  Table  4.1-6). 
Comparison  of  the  no-build  and  build  data,  however,  demonstrate 
the  project  mitigated  one  percent  gust  velocities  at  five  (10, 
17,  25,  26  and  27)  of  these  eight  locations.   The  projects 
podium  design  likely  aids  in  minimizing  project  wind  related 
impacts  oirectly  adjacent  to  the  project  site.   At  the  three 
remaining  study  locations  (9,  11  and  12)  where  exceedences  of 
the  BRA  criterion  occurred  under  the  build  configuration,  gust 
velocities  increases  of  less  than  2  mph  were  measured.   Further, 
velocity  increases  of  less  than  or  equal  to  0.5  mph  were  noted 
at  locations  9  and  12.   This  wind  increase  is  well  below  the  1 
mph  resolution  of  the  wind  tunnel  testing  itself  and  are  thus 
expected  to  be  insignificant.   At  study  location  11  the  project 
increased  the  existing  exceedence  of  32.6  mph  to  34.0  mph  (+1.8 
mph)  . 

Generally  wine  related  mitigation  measures  short  of 
building  redesign  include  foliage  plantings  and  canopies.   The 
buildings  current  podium  design,  however,  already  provides  wind 
related  benefits.   Canopies  are  generally  beneficial  at  building 
entrances  to  protect  pedestrians  from  downward  deflected  winds 
on  the  windward  side  of  a  building  while  foliage  plantings  serve 
as  wind  breaks  by  absorbing  wind  energy. 

Study  location  11,  situated  at  the  southwest  corner  of  100 
Summer  Street,  was  noted  to  have  a  1.8  mph  gust  velocity 
increase  with  the  proposed  project.   Results  presented  above 
demonstrate  that  winds  from  the  north  channeled  along  Devonshire 
Street  and  also  winds  from  the  east  and  south  cause  worst  case 
conditions.   Canopies  at  two  or  three  stories  (along  100  Summer 
Street)  above  street  level  may  provide  some  benefits,  however, 
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at  a  corner  location  such  as  this  non-deciduous  tree  plantings 
will  likely  provide  the  best  results  by  serving  as  a  wind 
break.   It  appears  that  Devonshire  Street  provides  little  room 
for  such  plantings,  however,  some  space  may  be  available  at  the 
Summer  Street  side  of  this  corner.   It  is  along  Summer  Street, 
near  this  intersection,  that  worst  case  conditions  have 
generally  been  observed  in  the  past  and  where  mitigating 
measures  appear  most  necessary.   Mitigating  measures  associated 
with  alleviating  wind  condition  at  both  locations  11  and  12 
would  require  negotiations  with  owners  of  100  Summer  Street. 

4.1.5.6   Conclusions 

Mean  annual  winds  as  high  as  29  mph  were  measured  at 
locations  near  the  125  Summer  Street  site.   Eight  of  the  29 
measurement  locations  were  deemed  to  be  hot  spots  at  which  the 
winds  exceeded  the  BRA  gust  velocity  criteria  of  31  mph  one 
percent  of  the  time.   Seven  of  these  eight  locations  also  exceed 
the  BRA  threshold  under  the  No-Build  condition.   At  five  of 
these  locations,  the  wind  is  projected  to  be  reduced  with  the 
125  Summer  Street  building  in  place.   Wind  speeds  are  projected 
to  be  increased  at  two  locations  (11,  12)  and  would  be  increased 
from  marginally  acceptable  to  marginally  unacceptable  (Melbourne 
criteria)  at  station  9,  the  northwest  corner  of  the  project  site 

At  the  three  stations  at  which  the  wind  velocity  is 
increased,  two  stations  were  projected  to  increase  by  an  amount 
smaller  than  the  resolution  of  the  test  (1  mph).   Only  station 
11  was  projected  to  increase  by  an  amount  greater  than  the 
measurement  resolution.   A  discussion  of  mitigating  measures  at 
this  site  is  included  in  A. 1.5. 5. 

Figures  4.1-21  ana  4.1-22  summarize  the  data  for  mean  wind 
and  gust  winds  exceeded  one  percent  of  the  time. 

The  windiness  is  due  both  to  high  ambient  winds  in  Boston 
and  to  the  complex  urban  geometry  that  exists  in  the  Financial 
District.   The  First  National  Bank  appears  to  be  a  dominating 
presence  with  respect  to  winds.   Effects  of  other  high  rise 
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buildings,  such  as  100  Summer  Street  ana  the  Shawmut  Bank,  are 
apparent  as  well.   Likewise,  the  dense  urban  development  in  the 
Financial  District  provides  many  opportunities  for  channeling  of 
winds  in  the  city  streets. 

In  general,  the  addition  of  the  new  building  at  125  Summer 
Street  has  little  net  effect  on  local  winds.   There  is  virtually 
no  significant  change  in  effective  gust  velocity  at  18  of  the  29 
test  locations.   Four  of  the  remaining  sites  experience 
decreaseo  wind  effective  gustiness.   The  other  seven  points 
experience  high  winds  with  or  without  the  new  building.   For 
most  locations,  conditions  are  neither  appreciably  better  nor 
worse  with  125  Summer  Street  in  place.   One  notable  exception  is 
that  the  new  building  reouced  the  winds  at  the  worst  location  so 
that  it  went  from  dangerous  to  marginally  acceptable  (based  on 
Melbournes  Criteria  -  see  discussion  in  Section  A. 1.3).   In 
short,  the  project  has  little  net  effect  on  local  wind 
environment . 
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AREAS  OF 
INCREASED  SPEEDS 


FIGURE  4.1-1   TYPICAL  FLOW  PATTERNS  BETWEEN  HIGH 
AND  LOW  RISE  BUILDINGS 


1196/3231f 


4.1-3 


DAYLIGHT  HOURS 


Q. 

E 


T3 
0) 
Q) 
Q. 
CO 

■o 

c 


c 

CO 
0) 

2 


Z3 

o 

X 


ONCE  ONCE 

PER  PER 

WEEK  MONTH 


ONCE 

PER 

YEAR 


40 


30 


20 


10 


0 


UNACCEPTABLE, 
DANGEROUS 


MARGINALLY 

ACCEPTABLE 

UNCOMFORTABLE 


ACCEPTABLE 


1.0 


.01 


.001 


Probability  Of  Exceeding  Hourly 
Mean  Wind  Speed  :  P(U  U) 


FIGURE  4.1.7   MELBOURNE'S  CRITERIA  FOR  AVERAGE  HOURLY 
PEDESTRIAN  WINDS  COMPARED  WITH  OTHER 
REFERENCES 


IMM  AssociatM 


A. 1-13 


FIGURE   A. 1.8 


PHOTOGRAPH  OF  WIND  TUNNEL  MODEL  FOR 
125  SUMMER  STREET  TESTS 
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FIGURE  4.1-10   SMOKE  TEST  STUDY  SCHEME 
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FIGURE  4.1-11   LOCAL  WIND  FLOW  PATTERNS  FOR  NORTH  WINDS 
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FIGURE    4.1-12       LOCAL    WIND    FLOW    PATTERNS    FOR    NORTHEAST    WINDS 
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FIGURE  4.1-13   LOCAL  WIND  FLOW  PATTERNS  FOR  EAST  WINDS 
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FIGURE  4.1-14   LOCAL  WIND  FLOW  PATTERNS  FOR  SOUTHEAST  WINDS 


4.1-27 


HMM  Associates 


I 


FIGURE  4.1-15   LOCAL  WIND  FLOW  PATTERNS  FOR  SOUTH  WINDS 
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FIGURE  A. 1-16   LOCAL  WIND  FLOW  PATTERNS  FOR  SOUTHWEST  WINDS 
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FIGURE  4.1-17   LOCAL  WIND  FlOW  PATTERNS  FOR  WEST  WINDS 
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FIGURE  4.1-18   LOCAL  WIND  FLOW  PATTERNS  FOR  NORTHWEST  WINDS 


4.1-32 


HMM  Associates 


ORIGINAL  19  LOCATIONS 


ADDITIONAL  LOCATIONS 


FIGURE  4.1-19   STUDY  LOCATIONS  FOR  QUANTITATIVE  ANALYSIS 
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FIGURE  A. 1-20   LOCATIONS  7  AND  28  COMPARED  TO  MELBOURNE'S 
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4.2   SHADOW  IMPACT 

Shadow  diagrams  were  compiled  depicting  new  shadows 
associated  with  the  125  Summer  Street  project.   Shadows  for  each 
season  were  studied  as  follows:   summer  (June  22);  peak  winter 
shadow  (December  22);  and  spring  and  fall  equinox  (March 
21/September  23).   For  each  of  these  times  of  year  representa- 
tive morning  (9:00  AM),  noon,  and  afternoon  (3:00  PM)  shadow 
patterns  were  calculated.   Additional  shadow  analyses  were  also 
conducted  for  10:00  AM  through  2:00  PM  at  hourly  increments  for 
October  21  and  November  21  to  determine  the  project's  ability  to 
preserve  sunlight  at  existing  sunny  public  spaces.   In  general, 
all  shadows  from  individual  buildings  are  short  in  length  during 
the  summer  as  a  result  of  the  higher  solar  altitude  angle. 
Figure  4.2-1  demonstrates  this  by  comparing  the  effect  of  solar 
altitude  angle  on  shadow  length  at  noontime  for  the  summer, 
spring/fall,  and  winter  analysis  cases. 

During  the  spring  and  fall  equinox,  shadows  extend  further 
from  a  building's  base  as  the  solar  altitude  angle  is  less  than 
at  summer.   At  the  same  time  the  lateral  angle  through  wich 
shadows  sweep  from  morning  to  evening  decrease  as  shown  in 
Figure  4.2-2.   Shadow  diagrams  for  each  day/hour  analysis 
combination  are  presented  at  the  end  of  this  section.   The 
nineteen  figures  present  the  horizontal  shadow  profile  for  each 
scenario.   The  shadow  profile  of  the  proposed  building  is  shown 
by  a  broken  line  while  existing  profiles  are  outlined  with  a 
solid  line.   The  diagrams  also  show,  in  a  dot-pattern,  existing 
shadows  while  net  new  shadows  associated  with  introduction  of 
the  proposed  project  are  indicated  by  the  darker  pattern.   The 
net  new  shadow  is  essentially  the  measure  of  the  project's 
shadow  impact  as  it  depicts  the  areas  in  which  new  shadows  fall 
on  previously  sunny  locations.   Those  areas  within  the  profile 
of  the  proposed  project  (broken  line)  that  are  shown  with  the 
dot-pattern,  represent  areas  where  shadows  of  the  project 
overlap  with  shadows  of  existing  buildings. 
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FIGURE  A. 2-1   NOONTIME  SOLAR  ALTITUDE  ANGLES 
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FIGURE  4.2-2   LATERAL  SWEEP  OF  SUN'S  PATH  BY  SEASON 
(8  AM  -  4  PM) 
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During  the  summer,  when  people  are  frequently  outdoors, 
shadow  impacts  are  primarily  limited  to  the  streets  adjacent  to 
the  project  site.   Since  existing  buildings  on  the  project  site 
already  shade  the  walkways  and  the  halves  of  streets  closest  to 
the  project  site,  net  new  summer  shadows  only  occur  at  the 
opposite  half  of  adjacent  streets.   During  the  morning  hours  net 
new  shadows  primarily  occur  at  rooftops  and  a  small  area  of 
Lincoln  Street  at  the  southwest  corner  of  the  project  site.   By 
noontime  a  small  amount  of  additional  shading  is  expected  along 
the  opposite  sides  of  Lincoln  and  High  Streets  around  the 
northwest  corner  of  the  proposed  project.   During  the  afternoon 
hours  net  new  shadows  are  expected  at  the  intersection  of 
Summer,  High  and  South  Streets;  extending  to  the  west  corner  of 
the  Fiduciary  Trust  Building.   Net  new  shadows  associated  with 
the  project  at  the  spring  and  fall  equinox  are  limited  entirely 
to  a  small  area  of  rooftop  during  the  mid-morning  hours.   As 
noon  approaches  new  shadows  will  be  evident  at  the  opposite 
halves  of  Lincoln  and  Summer  Streets  along  the  northwest  corner 
of  the  project.   These  shadows  will  extend  to  the  southwest  side 
of  the  100  Summer  Street  building.   By  noontime  and  through 
early  afternoon  net  new  shadows  are  primarily  limited  to  the 
southern  side  of  100  Summer  Street.   During  the  early  and 
mid-afternoon  hours  some  new  shading  is  anticipated  at  the 
southern  half  of  the  open  plaza  area  on  the  east  side  of  the  100 
Summer  Street  building. 

During  winter,  shadows  reach  maximum  lengths  such  that  most 
pedestrian  level  locations  are  shaded  by  existing  buildings. 
During  the  morning  hours,  net  new  shadows  from  the  proposed  125 
Summer  Street  project  will  be  found  primarily  on  rooftops.   At 
noontime,  net  new  shadow  is  only  expected  at  the  northern  wedge 
of  the  plaza  on  the  east  side  of  the  100  Summer  Street 
buildling.   By  mid-afternoon,  only  minimal  net  new  shadow  is 
expected  at  pedestrian  levels. 
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During  mid-autumn,  represented  by  the  October  21  shadow 
diagrams,  the  shadow  profile  of  the  project  begins  to  extend 
about  400  feet  (daily  average)  from  the  project  site.   During 
the  mid-morning  hours,  new  shadows  will  be  found  on  rooftops  and 
only  a  small  area  of  Lincoln  Street  adjacent  to  the  southwest 
corner  of  the  project.   By  late  morning  and  noontime,  net  new 
shadows  are  limited  to  the  area  near  the  intersection  of  Summer 
and  Devonshire  Streets  and  along  the  southwest  side  of  100 
Summer  Street.   During  the  early  and  mid-afternoon  hours  the 
bulk  of  the  new  shadows  is  expected  at  the  plaza  area  on  the 
east  side  of  the  100  Summer  Street  building. 

During  late  autumn,  represented  by  November  21,  net  new 
shadows  of  the  proposed  building  are  significantly  reduced  due 
to  the  longer  shadows  of  adjacent  buildings.   During  morning 
hours  most  net  new  shading  of  pedestrian  areas  occurs  in  the 
vicinity  of  the  Summer  and  Devonshire  Street  intersection.   At 
noontime  and  during  the  very  early  afternoon  net  new  shadows 
will  primarily  be  limited  to  the  northern  wedge  of  the  100 
Summer  Street  Plaza  area.   By  mid-afternoon  (around  2:00  PM) 
most  net  new  shadows  are  only  expected  at  rooftops  and  building 
facades  to  the  northeast  of  the  project  site. 

In  summary,  shadow  diagrams  demonstrate  the  majority  of  net 
new  shadow  generated  at  pedestrian  levels  adjacent  to  the 
project  and  some  rooftops  away  from  the  project  site.   Most 
noticeable  impacts  are  anticipated  during  the  late  spring  and 
early  fall.   Areas  impacted  during  this  period  will  primarily 
include  High  Street  during  the  morning,  the  pedestrian  way  along 
the  southwest  side  of  100  Summer  Street  at  noon,  and  portions  of 
the  plaza  area  on  the  east  side  of  100  Summer  Street  during 
early  and  mid-afternoon.   Additional  shading  to  the  100  Summer 
Street  Plaza  area  is  expected  for  any  proposed  building  at  the 
project  site  greater  than  the  height  of  existing  buildings. 
Furthermore,  the  existing  low-rise  base  partially  shades  the 
plaza  area  already.   Shadows  during  hot  summer  days  are 
generally  welcomed  by  pedestrians   and  by  late  fall  through 
early  spring  the  project  area  is  already  heavily  shaded  under 
existing  conditions. 
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FIGURE  4.2-1   NOONTIME  SOLAR  ALTITUDE  ANGLES 
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FIGURE  4.2-2   LATERAL  SWEEP  OF  SUN'S  PATH  BY  SEASON 
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4.3   DAYLIGHT  IMPACT 

An  analysis  of  the  proposed  125  Summer  Street  Building  was 
performed  to  determine  the  amount  of  available  daylight  at 
street  level  as  a  result  of  introduction  of  the  project.   Of 
interest  is  the  proposed  building's  ability  to  preserve 
potential  sunlight  utilizing  design  features  such  as  setbacks 
and  notching  of  corners. 

The  daylight  study  for  125  Summer  Street  was  developed 
incorporating  the  procedures  recommended  by  the  Boston 
Redevelopment  Authority  (BRA).*   These  procedures  are  based  on 
a  "fish  eye"  view  of  the  project  from  ground  level  at  the 
center  of  an  adjacent  city  street.   From  this  street  level 
perspective,  the  methodology  involves  mapping  the  project's 
base,  setbacks,  corners,  and  other  features  to  a  base  map  (see 
Figure  4.3.1)  using  lateral  and  elevation  angles.   These  angles 
are  easily  calculated  using  tier  heights,  distances  from  the 
street  level  reference  point,  and  the  arc  tangent  trigonometric 
function.   Lateral  elevations  in  this  study  for  both  the 
proposed  and  existing  configurations  were  determined  using  a 
protractor  and  scaled  base  maps  (see  Figures  4.3.2  and  4.3.3). 
Figure  4.3.3  presents  the  various  tiers  of  the  existing  project 
site.   Figures  4.3.4  through  4.3.7  show  the  four  standard 
elevation  views  of  the  proposed  project.   These  elevations  were 
used  to  map  the  proposed  configuration.   The  circled  numbers  on 
these  figures  are  labels  representing  the  various  tiers  of  the 
project  studied.   These  labels  are  used  to  reference  each  tier 
in  Tables  4.3.1  through  4.3.4,  which  provide  the  elevation  and 
lateral  angles  for  the  north,  east,  south  and  west  elevations 
of  the  proposed  project.   Tables  4.3.5  through  4.3.8  provide 
data  from  each  vantage  point  under  the  existing  configuration. 
For  each  of  these  elevations  "fish  eye"  views  of  the  existing 
and  proposed  configurations  were  plotted.   These  are  presented 
in  Figures  4.3.8  through  4.3.15. 


*  Personal  communication,  Mr.  Skip  Doty,  BRA,  Boston,  MA, 
March  14,  1986. 
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FIGURE  A. 3.1  -  "FISH  EYE"  BASE  MAP 
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FIGURE  4.3.4  -  NORTH  ELEVATION  OF  PROPOSED 
125  SUMMER  STREET  PROJECT 
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FIGURE  4.3.5  -  EAST  ELEVATION  OF  PROPOSED 
125  SUMMER  STREET  PROJECT 
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FIGURE  A. 3. 6  -  SOUTH  ELEVATION  OF  PROPOSED 
125  SUMMER  STREET  PROJECT 
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FIGURE  4.3.7  -  WEST  ELEVATION  OF  PROPOSED 
125  SUMMER  STREET  PROJECT 
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TABLE  4.3.1 


DAYLIGHT  STUDY  LOCATIONS 
125  SUMMER  STREET  -  NORTH  ELEVATION* 


Distance  From 

Center  of  Height 

Tier  #**  Street  (feet)  (feet) 

1  35  73 

2a  55  121 

2b  60  121 

3  60  253 

4  77.5  253 

5  62.5  295 

6  62.5  295 

7  67.5  277 

8  75  295 

9  87.5  277 
Site  Edge  NA  NA 


Elevation 
Angle  (deg) 

64 
64 

11 

73 
78 
78 
76 
76 
72 
NA 


Lateral 
Angles*** 
(deg) 


64 
10 
27 
10 
41 
33 
■30 
13 
12 
36 
64 


-64) 

-31) 

-42) 

-31) 

-46) 

13) 

-46) 

-30) 

-27) 

32 

(-64) 


♦  Lot  Length  =  190  feet 
1/2  Lot    =   95  feet 

**  See  Figure  D.4 

***  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  Cl|\j  through  point  A|sj  (see 
Figure  D.2) . 
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TABLE  4.3.2 


DAYLIGHT  STUDY  PARAMETERS 
125  SUMMER  STREET  -  EAST  ELEVATION* 


Tier 
#** 

Distance  From 

Center  of 
Street  (feet) 

39 

Height 
(feet) 

73 

Eleva 
Angle 

62 

ition 
(deg) 

Lateral 

Angles*** 

(deg) 

1 

50 

-  (-56) 

2 

85-44- 

•  85 

253 

71-80- 

•  71 

28 

-  0  -  (-28) 

3 

83-54- 

•83 

277 

73-79- 

■73 

20 

-  0  -  (-20) 

4 

94 

284 

72 

27 

-  13 

5 

94 

284 

72 

-13 

-  (-27) 

6 

84 

295 

74 

17 

-  (-17) 

7 

119 

295 

68 

18 

-  (-18) 

8 

148 

253 

60 

34 

-  19 

9 

152 

217 

55 

36 

-  34 

Site 

Edge    NA 

NA 

■  NA 

50 

-  (-56) 

*  Lot  Length  =  120  feet 
1/2  Lot    =   60  feet 

**  See  Figure  D.5 

***  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  C|_£  through  point  l\^    (see 
Figure  D.2) . 
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TABLE  4.3.3 


DAYLIGHT  STUDY  PARAMETERS 
125  SUMMER  STREET  -  SOUTH  ELEVATION* 


Distance  From 

Center  of  Height 

Tier  #**  Street  (feet)    (feet) 

1  47-72  73 

2  138  73 

3  83  259 

4  141-188  253 

5  148-188  277 

6  137  295 

7  137  295 

8  143  277 

9  150  295 
Site  Edge  NA  NA 


Elevation 
Angle  (deg) 

57-45 

28 

72 
61-53 
62-56 

65 

65 

63 

63 

NA 


Lateral 

Angles*** 

(deg) 

57-8 
3  -  (-36) 

39-5 
-20  -  (-28) 
-21  -  (-26) 

20  -  11 
-11  -  (-20) 

11  -  (-11) 

10  -  (-10) 

57  -  51 


♦  Lot  Length  =  192  feet 
1/2  Lot     =  96    feet 

♦*  See  Figure  D.6 

***  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  C|_5  through  point  A^  (see 
Figure  D.2) . 
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TABLE  4. 3. A 

DAYLIGHT  STUDY  PARAMETERS 

125  SUMMER  STREET  -  WEST  ELEVATION* 


Tier 

#** 

Distance 

Center  o 
Street  (f 

27 

From 

f 

eet) 

Height 
(feet) 

73 

El 
Ang 

evation 
le  (deg) 

70 

Lateral 

Angles*** 

(deg) 

1 

+  74 

. 

(-74) 

2 

37 

123 

73 

+  28 

- 

(-28) 

3 

45 

217 

78 

-57 

- 

(-60) 

4 

42 

253 

81 

58 

- 

(-57) 

5 

57 

295 

79 

55 

- 

39 

6 

57 

295 

79 

5 

- 

(-16) 

7 

62 

277 

77 

44 

- 

5 

8 

70 

295 

77 

41 

- 

5 

Site 

Edge 

NA 

NA 

NA 

+  74 

- 

(-74) 

*   Lot  Length  =  240  feet 
1/2  Lot     =  120  feet 


See  Figure  D.7 

Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  C|_y^  through  point  Ay^  (see 
Figure  D. 2) . 
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TABLE  A. 3. 5 
•  DAYLIGHT  STUDY  PARAMETERS 
EXISTING  BUILDINGS  -  NORTH  ELEVATION* 


Tier  #** 


Distance  From 

Center  of      Height 
Street  (feet)    (feet) 


Elevation 
Angle  (deg) 


Lateral 

Angles*** 

(deg) 


1 
2 

3 
4 

5 

Proposed 
Site  Edge 


35 
35 
35 
35 
105 

NA 


73 
36 
56 
73 
66 

NA 


64 
46 
58 
64 
32 

NA 


(-48) 
15 
48 
64 


64 


(-64) 
(-48) 
15 
48 


(-64) 


*  Lot  Length 
1/2  Lot 


190  feet 
95  feet 


**  See  Figure  D.3 

*■**  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  Z^^    through  point  Aj^  (see 
Figure  D  .2)  . 
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TABLE  A. 3. 6 


DAYLIGHT  STUDY  PARAMETERS 


EXISTING  BUILDING 


EAST  ELEVATION* 


Tier  #♦* 


Distance  From 

Center  of      Height 
Street  (feet)    (feet) 


Elevation 
Angle  (deg) 


Lateral 

Angles*** 

(deg) 


4 
5 

Proposed 
Site  Edge 


59 
39 

NA 


73 
66 

NA 


62 

59 

NA 


30  -  (-6) 
(-6)  -  (-31) 

50  -  (-46) 


*  Lot  Length  =  120  feet 
1/2  Lot     =   60  feet 

'■*  See  Figure  D.3 

••*  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  C|_^  through  point  A^  (see 
Figure  D.2). 
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TABLE  4.3.7 


DAYLIGHT  STUDY  PARAMETERS 
EXISTING  BUILDING  -  SOUTH  ELEVATION* 


Tier  #♦* 


Distance  From 

Center  of      Height 
Street  (feet)    (feet) 


Elevation 
Angle  (deg) 


Lateral 

Angles*** 

(deg) 


1 
5 

Proposed 
Site  Edge 


83 
138 

NA 


73 
NA 


41 
26 

NA 


46-3 

3  -  (-36) 

51    -    (-36) 


*  Lot  Length  =  192  feet 
1/2  Lot     =  96    feet 

**  See  Figure  D.3 

***  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  C|_s  through  point  A3  (see 
Figure  D.2). 


1196/08903 


4.3-15 


TABLE  4.3.8 


DAYLIGHT  STUDY  PARAMETERS 
EXISTING  BUILDING  -  WEST  ELEVATION* 


Tier  #** 


Distance  From 

Center  of      Height 
Street  (feet)    (feet) 


Elevation 
Angle  (deg) 


Lateral 

Angles*** 

(deg) 


Proposed 
Site  Edge 


27 


NA 


73 


NA 


70 


NA 


+74  -  (-70) 


+74  -  (-74) 


*  Lot  Length  =  240  feet 
1/2  Lot     =  120  feet 

**  See  Figure  D.3 

■**  Angles  are  determined  with  respect  to  a  line  drawn 
perpendicular  to  line  C[_yy  through  point  Ay^  (see 
Figure  D.2). 
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Percent  available  daylight  for  both  the  build  and  no-build 

configurations  are  provided  in  Table  4.3.9.   The  existing 

available  daylight  percentages  are  based  on  the  lot  size 
of  the  proposed  project. 

North  Elevation. 

Figure  4.3.9  presents  a  "fish  eye"  view  of  the  project 
from  location  A|^  (see  Figure  4.3.2)  on  Summer  Street. 
This  diagram  demonstrates  that  the  project's  wide  base, 
which  is  73  feet  tall,  and  the  295  foot  tower  to  be  the 
predominant  features.   Results  of  the  analysis 
demonstrated  that  82%  of  available  daylight  to  be  blocked 
out  by  the  proposed  project  as  opposed  to  61%  under  the 
existing  configuration  (see  Figure  4.3.10). 

East  Elevation. 

The  "fish  eye"  view  of  the  project's  east  elevation  from 
South  Street  (see  location  A^  on  Figure  4.3.2)  is 
diagrammed  in  Figure  4.3.11.   The  view  is  almost 
symmetrical  about  the  base  of  the  project  and  the 
project's  half  cylindrical  section  (253  feet  high)  along 
the  east  side  of  the  proposed  tower.   Figure  4.3.12 
presents  a  similar  "fish  eye"  view  of  the  existing 
configuration.   The  results  indicate  78%  of  available 
daylight  blocked  by  the  proposed  project  while  68.5%  is 
blocked  by  existing  buildings. 

South  Elevation. 

The  south  elevation  views,  shown  in  Figures  4.3.13  and 
4.3.14  are  based  on  mappings  of  the  proposed  and  existing 
buildings,  respectively,  from  an  observation  point  on  the 
Surface  Artery,  at  location  A^  in  Figure  4.3.2.   Due  to 
the  project's  "L"  shape  this  "fish  eye"  view  appears 
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TABLE  4.3.9 


PERCENT  DAYLIGHT  BLOCKED 


Elevation    Street 


Percent  Daylight  Blocked 

Proposed   Existing 

Project   Buildings    Difference 


North  Summer  82.0 

East  South  78.0 

South  Surface  Artery  69.5 

West  Lincoln  87.5 


61.0 
68.  5 
34.0 
76.0 


21.0 

9.5 

35.5 

11.5 
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FIGURE  A. 3.8  -  125  SUMMER  STREET  -  NORTH  ELEVATION 
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FIGURE  4.3.9   -  EXISTING  BUILDINGS  -  NORTH  ELEVATION 


1196/08905 


A. 3-20 


CO 

u 
u 
« 

Ct] 

a 


u 
■-] 
O 
2 

< 

a: 
E-" 
Q 


FIGURE  4.3.10  -  125  SUMMER  STREET  -  EAST  ELEVATION 
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FIGURE  4.3.11  -  EXISTING  BUILDINGS  -  EAST  ELEVATION 
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FIGURE  A. 3.12  _  125  SUMMER  STREET  -  SOUTH  ELEVATION 
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FIGURE  A. 3. 13  -  EXISTING  BUILDINGS  -  SOUTH  ELEVATION 
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asymmetrical  in  comparison  to  others.   The  prominent 
features  of  the  project  from  this  point  are  its  base,  the 
253  foot  extention  of  the  tower  towards  the  south  along 
Lincoln  Street,  and  the  tower  section.   Since  much  of  the 
proposed  building  is  set  back  considerably  from  the 
Surface  Artery,  only  69.5%  of  daylight  is  blocked  from 
this  observation  point.   Under  the  existing  configuration 
34%  of  available  daylight  is  blocked. 

West  Elevation 

Figures  4.3.14  and  4.3.15  present  the  "fish  eye"  view  of 
the  project  and  existing  buildings,  respectively  from 
point  A   (see  Figure  4.3.2)  on  Lincoln  Street.   From 
this  location,  the  73  foot  base  and  253  foot  setback  along 
Lincoln  Street  are  the  prominent  features  blocking 
daylight  at  ground  level.   The  narrowness  of  Lincoln 
Street  in  combination  with  the  project's  design  along 
Lincoln  Street  result  in  87.5%  of  daylight  blocked.   The 
analysis  demonstrated  76  percent  of  available  daylight  to 
be  blocked  by  existing  building.   The  bulk  of  the  daylight 
obstructed  by  the  proposed  project  is  a  result  of  only  the 
73  foot  base  section.   In  addition,  the  setback  of  the  253 
foot  tower  section  aids  in  preserving  approximately  3 
percent  available  sunlight. 
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FIGURE  4.3.14  -  125  SUMMER  STREET  -  WEST  ELEVATION 
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FIGURE  4.3.15  -  EXISTING  BUILDINGS  -  WEST  ELEVATION 
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FIGURE  A. 3.1  -  "FISH  EYE"  BASE  MAP 
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FIGURE  4.3.4  -  NORTH  ELEVATION  OF  PROPOSE^ 
125  SUMMER  STREET  PROJECT 
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FIGURE  4.3.5  -  EA5T  ELEVATION  OF  PROPQSEj 
125  SUMMER  STREET  PROJECT 
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"I3oRE  4.3.6  -  SOUTH  ELEVATION  OF  PROPOSED 
125  SUMMER  STREET  PROJECT 
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FIGURE    A. 3. 8 
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FIGURE  A. 3.9   -  EXISTING  BUILDINGS  -  NORTH  ELEVATION 
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FIGURE  A. 3. 10  -  125  SUMMER  STREET  -  EAST  ELEVATION 
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FIGURE  A. 3. 11  -  EXISTING  BUILDINGS  -  EAST  ELEVATION 
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FIGURE  4.3.12  _  125  SUMMER  STREET  -  SOUTH  ELEVATION 
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FIGURE  A. 3. 13 


EXISTING  BUILDINGS  -  SOUTH  ELEVATION 
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FIGURE  4.3.14  -  125  SUMMER  STREET  -  WEST  ELEVATION 
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FIGURE  4.3.15  -  EXISTING  BUILDINGS  -  WEST  ELEVATION 
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4.4   TRANSPORTATION  IMPACTS 

4,4.1   INTRODUCTION 

This  section  describes  existing  traffic  related  conditions  in 
the  project  study  area,  estimates  the  impact  of  the  development 
in  terms  of  vehicle,  transit  and  pedestrian  trips  to  the  site, 
and  provides  an  analysis  of  the  study  area  under  existing  and 
future  (1989)  conditions.   As  a  benchmark,  it  provides  an  anal- 
ysis of  conditions  in  the  forecast  year  without  the  125  Summer 
Street  development  but  with  other  projects  currently  under 
construction  or  approved  for  development. 

SUMMARY  OF  FINDINGS 

Thirteen  intersections  were  analyzed  with  regard  to  traffic 
impacts.   The  addition  of  pro ject -  related  traffic  to  1989  No- 
Build  volumes  results  in  four  locations  experiencing  a  change  in 
level  of  service  from  No-Build  conditions.   Two  of  these  inter- 
sections will  continue  to  operate  at  Level  of  Service  (LOS)  "C" 
or  better.   The  intersection  of  Surface  Artery/Essex  Street/ 
Lincoln  Street  will  decline  from  LOS  "D"  to  LOS  "E"  in  the 
morning  peak  hour  and  the  Surface  Artery/South  St ree t/Expresssway 
On-Ramp  intersection  will  decline  from  LOS  "C"  to  LOS  "D"  in  the 
evening  peak  hour. 

Between  1985  and  1989,  transit  use  is  expected  to  increase  by 
almost  25  percent  based  on  background  growth  in  the  Downtown 
area.   With  the  MBTA  now  in  the  final  stages  of  improvements  on 
both  the  Orange  and  Red  Lines,  an  expansion  from  four-car  to  six- 
car  trains  is  anticipated  prior  to  1989  on  both  lines.   This, 
coupled  with  new  equipment  on  the  Green  Line,  will  result  in  a 
substantial  increase  in  transit  capacity.   Nevertheless,  under 


1489/1286/wpr 

4.4-1 


projected  conditions  the  Orange  Line  north,  Green  Line  west  and 
Blue  Line  will  operate  over  planning  capacity. 

The  125  Summer  Street  development  will  include  the  construc- 
tion of  below-grade  parking  which  is  proposed  to  contain  up  to  a 
maximum  of  400  spaces.   The  analysis  indicates  that  the  long-term 
commuter  parking  demand  associated  with  the  project  will  be  362 
spaces.   Short-term,  non-employee  demand  is  expected  to  be  95 
spaces  . 

Finally,  the  report  includes  a  proposed  Access  Plan  which 
identifies  actions  to  reduce  the  impact  of  development.   Included 
in  the  Access  Plan  are  commitments  by  the  proponent  to  take  steps 
to  reduce  and  better  manage  vehicular  trip  generation  to  the  site 
and  to  design  access  to  the  building  in  order  to  minimize  impacts 
on  adjacent  streets.   Trip  reduction  efforts  include  measures  to 
promote  ridesharing  and  transit  use,  to  encourage  alternative 
work  schedules,  to  restrict  truck  deliveries  to  non-peak  hours, 
and  to  provide  administrative  support  for  trip  reduction/ 
management  efforts. 

THE  125  SUMMER  STREET  PROJECT 

The  proposed  development  will  consist  of  495,000  square  feet 
of  office  and  retail  development.   Table  4.4.1  summarizes  the 
proposed  development  of  the  site,  which  will  include  482,000 
square  feet  of  office  space  and  13,000  square  feet  of  retail 
space.   The  site  encompasses  most  of  the  block  bounded  by  Summer 
Street,  South  Street,  Surface  Artery  and  Lincoln  Street.   Several 
low-rise  buildings  occupy  the  site  but  are  currently  unused. 
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TABLE  4.4.1 
PROPOSED  DEVELOPMENT 


Size 
Use     (  square  feet ) 

Office  482,000 

Retail  13,000 

Total  495,000 

Parking  spaces  400 


STUDY  AREA 

The  study  area  defined  for  this  project  includes  13  inter- 
sections within  a  perimeter  bounded  by  Atlantic  Avenue  to  the 
east;  Congress  Street  on  the  north;  High  Street,  Summer  Street, 
Lincoln  Street  and  Surface  Artery  on  the  west;  and  Kneeland 
Street  on  the  south.   The  site  location  and  13  analysis  locations 
are  illustrated  in  Figure  4.4.1. 

Public  transportation  in  the  area  of  the  project  is  well 
developed  and  utilized.   Three  of  the  MBTA's  four  rapid  transit 
lines  may  be  directly  accessed  from  four  stations  within  2,000 
feet  of  the  site,  the  closest  being  South  Station  (Red  Line)  and 
Washington  Street  (Orange  and  Red  Lines).   Blue  Line  rapid 
transit,  commuter  rail  service  from  South  Station,  commuter 
boats,  and  express  buses  to  the  south  and  west  are  all  accessible 
within  one-half  mile  of  the  site. 

STUDY  METHODOLOGY 

The  transportation  study  was  conducted  in  three  distinct 
phases.   Phase  I  involved  inventorying  the  existing  conditions 
and  travel  demand  characteristics  in  the  area.   The  inventory 
included  researching  previous  transportation  reports  as  well  as 
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Fig.  4.4.1 


conducting  new  observations  of  the  area  travel  demands.   Obser- 
vations of  traffic  volumes  were  conducted  during  the  morning  and 
evening  peak  periods  at  key  intersections  serving  the  site. 
These  counts  included  pedestrian  crossings.   In  addition,  transit 
line  performance  and  ridership  data  were  researched  from  MBTA 
files. 

Phase  II  of  the  study  built  upon  the  data  base  in  Phase  I  and 
established  the  framework  for  evaluating  the  transportation 
impacts  of  the  proposed  project.   In  this  phase,  travel  demand 
forecasts  for  the  project  were  assessed  along  with  forecasted 
demands  created  by  other  future  area  developments.   An  analysis 
year  of  1989  was  established  based  on  projected  occupancy  of  the 
proposed  development.   Estimates  were  made  for  all  transportation 
modes. 

Phase  III,  the  final  study  phase,  included  evaluation  of  the 
impacts  of  the  project  on  the  transportation  and  pedestrian 
system  and  identification  of  measures  to  mitigate  any  adverse 
impacts.   Included  within  this  effort  was  the  development  of  an 
Access  Plan  for  the  development. 
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4.4.2   EXISTING  CONDITIONS 


ROADWAY  NETWORK 


In  addition  to  Summer  Street,  roadways  in  the  area  which  will 
provide  access  to  the  immediate  site  include  South  Street, 
Lincoln  Street  and  Surface  Artery.   Access  to  and  from  the 
regional  highway  system  is  provided  by  the  Central  Artery  and 
Atlantic  Avenue.   Figure  4.4.2  illustrates  the  roadway  circu- 
lation pattern  now  existing  in  the  area.   The  following  provides 
a  brief  summary  of  roadway  characteristics: 

o    Central  Artery  -  a  major  north/south  artery  east  of  the 
site  with  connections  to  the  Southeast  Expressway,  the 
Massachusetts  Turnpike  and  major  routes  north.   It  is  a 
divided  roadway  providing  three  travel  lanes  in  each 
di  rection . 

o    Surface  Artery  -  a  major  north/south  artery  east  of  the 

site  running  above  the  depressed  Central  Artery.   It  is  a 
divided  roadway  providing  three  travel  lanes  in  each 
di  rection . 

o    Summer  Street  -  a  major  east/west  arterial  linking  the 
Downtown  Crossing  area  to  Dewey  Square  and  to  South 
Boston  across  the  Fort  Point  Channel.   The  number  of 
lanes  varies  from  one  to  three  in  each  direction  with  no 
parking  on  either  side. 

o    Atlantic  Avenue  -  a  north/south  arterial  which  parallels 
the  Central  Artery  north  and  generally  provides  two  to 
three  lanes  for  one-way  northbound  traffic.   Two  south- 
bound lanes  are  provided  for  one  block  between  Summer 
Street  and  Essex  Street. 
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o    Purchase  Street  -  a  one-way  arterial  paralleling  the 

Central  Artery  which  provides  two  to  three  lanes  south- 
bound to  Summer  Street  from  High  Street. 

o    High  Street  -  a  major  one-way  connector  providing  two 

lanes  southbound  from  the  Central  and  Surface  Arteries  to 
the  site.   Two-way  travel  is  permitted  between  Summer 
Street  and  Federal  Street. 

o    South  Street  -  a  moderate  volume  one-way  street  providing 
two  lanes  northbound  from  Kneeland  Street  to  High  Street. 

o    Lincoln  Street  -  a  major  one-way  connector  providing  two 
lanes  northbound  from  the  Southeast  Expressway  and 
Kneeland  Street  to  Summer  Street  and  the  project  site. 

EXISTING  TRAFFIC  VOLUMES 

Estimates  of  existing  peak  hour  volumes  are  shown  in 
Figures  4.4.3  and  4.4.4.   These  volumes  are  based  on  1987 
projected  volumes  used  for  the  Draft  Environmental  Assessment  of 
the  Dewey  Square  Comprehensive  Transportation  Systems  Management 
Program.   Currently,  there  are  several  construction  projects 
underway  within  or  near  the  study  area  which  are  affecting  normal 
traffic  patterns.   These  construction  projects  include: 

o    Dewey  Square  -  Red  Line  station  platform  lengthening  by 
the  MBTA  and  utility  construction; 

o    South  Station  -  Rehabilitation  of  the  South  Station 

headhouse  and  development  of  the  first  phase  of  a  multi- 
modal transportation  center; 
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o    Summer  Street  at  Washington  Street  -  Red  Line  station 
platform  lengthening  by  the  MBTA; 

o    International  Place  -  Construction  of  high-rise  office 
and  retail  development  between  High  Street,  Purchase 
Street  and  Oliver  Street; 

o    Rowes  Wharf  -  Construction  of  office,  retail,  residential 
and  hotel  development  along  Atlantic  Avenue;  and 

o    Construction  and  rehabilitation  at  several  other  sites  in 
the  area. 

Because  of  this  extensive  amount  of  construction  activity 
currently  taking  place  in  the  study  area,  substantial  diversions 
of  traffic  from  normal  preconstruction  patterns  are  assumed  to 
have  occurred.   As  a  result,  an  extensive  counting  program  would 
not  be  useful  in  establishing  baseline  conditions  in  the  area. 
Therefore,  a  more  appropriate  approach  was  to  use  available  base 
volumes  that  reflect  normal  traffic  patterns.   Such  a  base  exists 
as  a  result  of  the  Dewey  Square  study  referenced  above.   That 
study  included  both  1980  base  conditions  and  1987  projections. 

Several  intersections  were  recounted  to  provide  a  comparison 
to  the  projected  1987  volumes  from  the  Dewey  Square  report.   The 
intersections  selected  covered  the  entire  study  area  but  were 
generally  the  most  removed  from  areas  of  immediate  construction 
impacts.   Generally,  approach  volumes  were  close  to  those 
reported  in  the  1987  network  for  the  Dewey  Square  project.   Where 
significant  differences  exist,  the  1986  counts  were  either  lower 
or  the  differences  could  be  explained  by  const  ruction  -  induced 
diversions.   Therefore,  the  1987  No-Build  network  from  the  Dewey 
Square  study  was  used  as  the  base  network  for  this  study  because 
those  volumes  are  the  most  representative  of  existing  conditions 
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without  construction  disruptions.   This  approach  was  discussed 
with  the  Boston  Transportation  Department,  which  concurred  with 
it. 

Before  being  finalized  as  the  base  volumes  for  this  study, 
the  1987  Dewey  Square  No-Build  volumes  were  adjusted  to  reflect 
the  current  one-way  travel  on  Essex  Street.   The  Dewey  Square 
network  was  developed  with  Essex  Street  as  a  two-way  street.   The 
adjustment  involved  the  reassignment  of  projected  westbound 
volumes  along  Essex  Street  to  alternative  routes  in  the  area. 

Additional  adjustments  were  also  made  to  assure  consistency 
with  the  network  being  developed  for  the  125  High  Street  EIA. 
Both  networks  were  compared  with  base  volumes  from  the 
International  Place  EIR  and  other  EIR's  and  impact  reports  for 
downtown  development.   In  general,  the  networks  are  consistent 
with  those  developed  for  earlier  studies  and  show  the  same  or 
higher  volumes  when  compared  with  the  International  Place  base 
network . 

EXISTING  PEDESTRIAN  VOLUMES 

Pedestrian  volumes  along  Summer  Street  between  the  project 
site  and  Dewey  Square  are  summarized  in  Table  4.4.2  and  shown  in 
Figures  4.4.5  and  4.4.6.   At  Dewey  Square  volumes  are  highest 
during  the  morning  and  evening  peak  hours,  while  along  the 
remainder  of  Summer  Street  midday  volumes  are  highest.   The 
greatest  pedestrian  activity  occurs  at  Dewey  Square,  where  there 
were  almost  6,000  crossings  in  the  morning  peak  hour  and  almost 
5,500  in  the  evening  peak  hour.   Volumes  along  Summer  street 
adjacent  to  the  project  site  at  Lincoln  Street  and  South  Street 
range  from  520  to  740  in  the  morning  peak  hour  and  from  850  to 
1,010  in  the  evening  peak  hour. 
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TABLE  4.4.2 

EXISTING  PEDESTRIAN  VOLUMES 

ALONG  SUMMER  STREET 


Location 


AM 

Peak  Hour 


Midday 
Peak  Hour 


PM 

Peak  Hour 


Summer  Street/Atlantic 
Avenue  (Dewey  Square) 

North  Crosswalk 

South  Crosswalk 

East  Crosswalk 

West  Crosswalk 

Summer  Street/High 
Street/South  Street 

North  Crosswalk 

South  Crosswalk 

East  Crosswalk 

West  Crosswalk 

Summer  Street/Bedford 
Street/Lincoln  Street 
East  Crosswalk 
South  Crosswalk 

Summer  Street/ 

Devonshire  Street 
North  Crosswalk 
South  Side  of  Street 


1,452 
1,654 
1,022 
1,843 


321 

519 


1,616 
737 


1,214 

1,428 

314 

269 


604 
962 


3,479 
1,138 


1,168 

2,540 

539 

1,215 


,133 

1,403 

842 

740 

1,195 

1,008 

401 

203 

114 

195 

497 

169 

341 
853 


1,823 
1,190 


The  volumes  given  in  Table  4.4.2  are  based  on  flow  counts 
conducted  in  July  1983.   More  recent  counts  were  conducted  as 
part  of  this  study.   These  counts  were  lower  than  the  earlier 
counts  and  showed  differences  in  crossing  patterns.   Because  of 
the  extensive  construction  in  the  area,  the  earlier  counts  were 
used  as  they  are  more  likely  to  be  reflective  of  pedestrian 
movements  in  the  area  without  construction  disruptions. 

PUBLIC  TRANSPORTATION  SYSTEM 

The  proposed  project  is  well  served  by  public  transportation 
Figure  4.4.7  illustrates  the  major  components  of  the  system  in 
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the  vicinity  of  the  project  and  their  distances  from  the  site. 
Because  of  the  proximity  of  the  site  to  the  rapid  transit  system, 
a  significant  emphasis  has  been  placed  on  rapid  transit  system 
capacity  and  ridership. 

Rapid  Transit 

Direct  access  to  all  four  rapid  transit  lines  is  available 
within  walking  distance  of  the  site.   South  Station  is  two  blocks 
to  the  east  and  provides  access  to  the  Red  Line.   Washington 
Station,  whose  nearest  entrance  is  two  blocks  northwest  of  the 
site  along  Summer  Street,  is  served  by  both  the  Red  and  Orange 
Lines.   The  Orange  Line  is  also  available  at  Essex,  five  blocks 
southwest  of  the  site.   The  Green  Line  is  available  at  Park 
Street  Station,  approximately  one-third  of  a  mile  northwest  of 
the  site.   It  can  be  reached  via  an  underground  concourse  which 
connects  to  the  Washington  Station  entrance  described  above. 
Blue  Line  service  is  available  at  the  State  Station,  whose 
nearest  entrance  is  approximately  one-third  of  a  mile  to  the 
north . 

Estimates  of  current  ridership  and  line  capacities  are  shown 
in  Tables  4.4.3  and  4.4.4.   All  ridership  and  capacity  figures 
are  for  the  outbound  direction  in  the  PM  peak  hour.   Total  line 
capacity  figures  are  based  on  a  planning  capacity  for  each  car 
provided  by  the  MBTA.   Loads  in  excess  of  these  planning  capa- 
cities are  possible  and  have  been  frequently  observed.   Consis- 
tent loading  above  the  planning  capacity  provides  an  indication 
that  additional  capacity  would  be  desirable  in  order  to  maintain 
comfortable  and  reliable  service. 

Line  capacity  is  also  based  on  the  number  of  cars  per  train 
and  the  number  of  trains  per  hour.   For  the  Green  Line  East, 
Orange  Line  and  Blue  Line,  these  factors  were  based  on  data  and 
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TABLE  4.4.3 
EXISTING  RAPID  TRANSIT  LINE  CAPACITY 
PM  PEAK  HOUR  OUTBOUND 


Average   Average    Average 

Cars/     Headway*   No.  of   Car  Line 

Train    (minutes)   Trains   Capacity**   Capacity 


Line/Segment 


Red  Line/North 
Ashraont -Ale wife 
Braintree-Alewife 


15 


180 


10,800*** 


Red  Line/South 
Alewi  f e - Ashmen t 
Alewife-Braintree 
Park -Quincy 

Green  Line/West 
Boston  College 
Cleveland  Circle 
Riverside 
Huntington  Avenue 

Green  Line/North 
Lechmere  service 


1.6  + 


1.33  + 


3.75 


1.67 


16 


36 


15 


180 


130 


130 


11,520 


7,500 


2,600 


Orange  Line/ 
North-South 
Oak  Grove- 
Forest  Hills 


15 


155 


9,300 


Blue  Line 

Bowdoin -Wonde  r land 


15 


110 


6,600 


Red  and  Green  Line  headways  are  based  on  observed  system 

performance  in  fall  1986.   Orange  and  Blue  Line  headways  are 

based  on  schedules  obtained  from  the  MBTA. 

The  MBTA  uses  these  capacity  estimates  for  planning  purposes. 

Heavier  loads  can  be  carried  and  are  often  observed  on  the 

system. 

Capacity  is  slightly  lower  than  Red  Line  south  because  the 

Quincy-Park  run  is  not  included. 

Represents  one-car  trains  on  the  Huntington  Avenue  Line  and  a 

mix  of  one  and  two-car  trains  on  all  other  lines. 
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TABLE  4.4.4 
EXISTING  RAPID  TRANSIT  RIDERSHIP 
PM  PEAK  HOUR  OUTBOUND 


Line/Segment 


Peak 
Station 


Existing 
Ridership* 


Line  Capacity 
for  Each 
Di  rection** 


Red  Line/North 
Ashmont -Alewi  f e 
Braintree-Alewife 


Charles 


7,140 


10,800 


Red  Line/South 
Alewi fe -Ashmont 
Alewi fe-Braintree 
Park -Quincy 


Andrew 


11,190 


11,520 


Green  Line/West 
Cleveland  Circle 
Boston  College 
Riverside 
Huntington  Avenue 


Arlington 


10,000 


7,500 


Green  Line/North 
Lechmere  Service 


Science  Park     1,100 


2,600 


Orange  Line/North 
Forest  Hi  lis  - 
Oak  Grove 


North 
Station 


10,270 


9,  300 


Orange  Line/South 
Oak  Grove- 
Forest  Hills 


Essex 


7,080 


9,300 


Blue  Line/North 
Bowdoin-Wonde  rland 


Aquar  ium 


6,120 


6,600 


*  Red  Line  and  Green  Line  west  ridership  figures  are  based  on 
independent  observations  in  fall  1986;  other  ridership 
figures  are  based  on  1984  MBTA  counts. 
**  See  Table  4.4.3. 
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schedules  furnished  by  the  MBTA.   For  the  Red  Line  and  Green  Line 
west,  these  data  were  based  on  observations  of  transit  perform- 
ance made  by  Vanasse/Hangen  over  a  two-week  period  in  late 
September  and  early  October  1986.   Also  included  in  those  obser- 
vations were  recordings  of  passenger  loadings. 

As  shown  to  Table  4.4.4,  the  south  branch  of  the  Red  Line  is 
currently  operating  at  slightly  less  than  its  planning  capacity. 
It  is  carrying  approximately  11,200  passengers  in  the  peak 
direction  through  Andrew  Station  (the  peak  load  point  for  the 
south  branch).   Planning  capacity  is  11,500  based  on  existing 
observed  headways.   The  Orange  Line  north  is  also  carrying  loads 
in  excess  of  its  planning  capacity,  with  10,300  passengers  and  a 
capacity  of  9,300.   The  Green  Line  west  ridership  of  10,000  is 
well  in  excess  of  its  capacity  of  7,500  (based  on  existing 
observed  headways). 

Bus  Service 

The  area  is  well  served  by  commuter  bus,  with  MBTA  express 
service  provided  to  the  Financial  District  (along  Federal  Street) 
from  the  west.   Private  commuter  bus  service  is  provided  at  South 
Station.   MBTA  express  bus  service  to  the  north  is  provided  at 
the  Haymarket  station  which  can  be  reached  via  the  Orange  Line. 
These  commuter  bus  lines  are  well  used  and  it  is  the  MBTA's 
policy  to  encourage  continued  use  by  minimizing  standees. 
Consequently,  the  MBTA  will  add  buses  as  demand  warrants. 

Commuter  Rail 

Commuter  rail  service  to  the  south  and  west  is  provided 
within  a  few  blocks  of  the  site  at  South  Station.   Service  to  the 
north  and  northwest  is  provided  at  North  Station,  which  can  be 
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reached  via  the  Orange  Line.   As  a  result,  all  commuter  rail 
service  is  accessible  from  the  project  site. 

PARKING 

Public  parking  within  the  Financial  District  and  South 
Station  area  is  limited.   The  major  garage  facilities  within  the 
project  area  include  Post  Office  Square  (950  spaces),  Kingston/ 
Bedford  (735  spaces),  Devonshire  Street  (900  spaces).  One  Post 
Office  Square  (400  spaces),  and  Beach  Street  (350  spaces).   With 
the  recent  loss  of  major  facilities  at  Fort  Hill  Square  and  on 
High  Street,  parking  demand  within  the  area  is  currently  at  or 
near  the  capacity  of  many  of  the  remaining  major  facilities.   In 
addition,  the  city  is  in  the  process  of  selling  the  Kingston/ 
Bedford  garage  for  redevelopment.   This  will  result  in  the  elimi- 
nation of  those  spaces.   Short-term  on-street  parking  is  fully 
utilized  by  mid-morning  according  to  counts  taken  in  1982  and 
reported  in  Parking  in  Central  Boston. 
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4.4.3   PROBABLE  PROJECT  IMPACTS 


DAILY  TRIP  GENERATION 


In  order  to  assess  the  impact  of  the  project  on  the  transpor- 
tation system  in  the  site  area,  travel  demand  by  type  of  use  and 
user  has  been  estimated.   The  procedures  used  in  estimating  these 
trips  consisted  of  calculating  person-trips  per  1,000  square  feet 
of  floor  space.   Trip  rates  and  modal  splits  have  been  categor- 
ized as  office  vs.  retail  and  work  vs.  non-work.   Rates  used  in 
the  calculations  are  identical  to  those  used  in  the  Final 
Environmental  Assessment  for  99  State  Street  (now  called  75  State 
Street)  and  the  Final  Environmental  Impact  Report  for 
International  Place. 

The  development  plan  for  125  Summer  Street  calls  for  482,000 
square  feet  of  office  space  and  13,000  square  feet  of  retail 
space.   Tables  4.4.5  and  4.4.6  summarize  trip  rates  and  modal 
splits  assumed  in  the  analysis  and  the  resultant  person-trips 
based  on  the  proposed  development  plan. 


TABLE  4.4.5 
DAILY  PERSON-TRIPS 


Office 

Retail 

Use 

User                In 

Out 

Total 

In 

Out 

Total 

Generation  Rates* 

Worker          4.40 

4.40 

8.80 

2.75 

2.75 

5.50 

Non-Worker      2.35 

2.35 

4.70 

16.40 

16.40 

32.80 

Total           6.75 

6.75 

13.50 

19.15 

19.15 

38.30 

Generated  Trips** 

Worker         2,121 

2,121 

4,242 

36 

36 

72 

Non-Worker     1,133 

1,133 

2,266 

213 

213 

426 

Total          3,254 

3,254 

6,508 

249 

249 

498 

*  Person  trips  per  1,000  square  feet 
**  Total  trips  per  day 
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TABLE  4.4.6 
MODE  SPLIT* 


Office  Use  Retail  Use 


User Auto    Transit    Walk Auto    Transit    Walk 

Percentages 

Worker         30.0      70.0      0.0      30.0      70.0      0,0 
Non-Worker     27.5      57.5     15.0      27.5      32.5     40.0 

Total 
Person-Trips 

Worker        1,273     2,969        0        22        50        0 
Non-Worker      623     1,303      340       117       139      170 

*   The  mode  split  factors  are  based  on  data  contained  within 
the  December,  1983  report.  Parking  in  Central  Boston: 
Meeting  the  Access  Needs  of  a  Growing  Downtown.   The 
parking  study  reports  that,  according  to  a  1980  survey,  the 
Blue  Cross/Blue  Shield  building  at  100  Summer  Street  had 
28.2  percent  of  its  trips  arrive  by  automobile.   The  non- 
work  trip  automobile  factor  is  based  on  modal  split 
assumptions  used  by  the  report  for  the  area  of  downtown  in 
which  the  project  is  located. 


Table  4.4.7  summarizes  anticipated  vehicle  occupancy  rates 
for  those  trips  arriving  by  auto.   These  rates  are  based 
primarily  on  information  reported  in  Parking  in  Central  Boston, 


TABLE  4.4.7 
VEHICLE  OCCUPANCY  FACTORS 

Use 


Trip  Type Office Retai  1 

Work  1.8  1.4 

Non-Work  1.4  1.9 


Applying  the  occupancy  rates  given  in  Table  4.4.7  to  the 
person-trips  arriving  by  auto  projected  in  Table  4.4.6  results  in 
a  total  estimate  of  1,230  daily  vehicle  - tr ips  (Table  4.4.8). 
These  are  distributed  equally  to  inbound  and  outbound  trips  (615 
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each  way).    The  1,230  daily  vehicle  -  trips  include  employee- 
related  trips,  visitors,  taxis,  and  delivery  vehicles.   Refine- 
ment of  the  1,230  trips  to  estimate  taxi  and  delivery  use 
suggests  34  taxi-related  trips  (3  percent  of  office  non-employee 
arrivals  as  described  in  the  Marketplace  Center  EIR)  and  124 
del ivery- related  trips  (0.25  trips  per  1,000  square  feet  as 
described  in  the  International  Place  EIR). 


TABLE  4.4.8 
DAILY  VEHICLE  TRIPS 

Use 


Trip  Type Office    Retail Total 

Work                      707  16       723 

Non-Work                 445  62       507 

Total                  1,152  78     1,230 


PEAK  HOUR  TRIP  GENERATION 

Of  greater  concern  than  the  total  daily  trips  is  the  number 
of  trips  occurring  during  the  peak  commuter  hours.   It  is  these 
peak  periods  which  are  used  to  evaluate  the  performance  of  the 
transportation  system.   The  peak  hour  percentages  shown  in 
Table  4.4.9  were  multiplied  by  one-half  (to  reflect  directional 
travel)  of  the  daily  trips  in  Tables  6  and  8  to  obtain  the 
results  shown  in  Table  4.4.10.   A  total  of  217  vehicle  - tr ips  is 
projected  for  the  morning  peak  hour,  while  223  trips  are 
projected  for  the  evening  peak. 
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TABLE  4.4.9 
PERCENTAGES  OF  DAILY  TRIPS 
DURING  PEAK  HOURS  BY  TYPE  AND  DIRECTION* 

Work        Non-Work 


AM      PM     AM      PM 


Office 


Arrivals 

55% 

0% 

10% 

0% 

Departures 

0% 

55% 

0% 

10% 

Retail 

Arrivals 

10% 

10% 

0% 

5% 

Departures 

0% 

20% 

0% 

10% 

*  From  International  Place  EIR 


TABLE  4.4.10 
PROJECT  PEAK  HOUR  TRIPS  BY  MODE 


AM 

PM 

Auto* 

Transit 

*  * 

Walk** 

Auto* 

Transit** 

Walk** 

Office 

Work 

194 

816 

0 

194 

816 

0 

Non-Work 

22 

65 

17 

22 

65 

17 

Retail 

Work 

1 

2 

0 

2 

7 

0 

Non-Work 

0 

0 

0 

5 

10 

13 

Total  217       883        17        223       898        30 

*  Vehicle  trips 
**  Person  trips 

The  peak  hour  trips  generated  above  represent  the  total 
number  of  trips  generated  by  the  site  when  it  is  fully  developed 
as  proposed.   These  trips  also  represent  net  new  trips  on  area 
roadways  because  the  existing  buildings  on  the  site  are  empty  and 
are  not  generating  any  current  trips  to  the  site.   Although  the 
site  was  active  at  the  time  the  base  network  volumes  were  devel- 
oped, it  was  estimated  that  the  traffic  generated  was  not  great. 
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Therefore,  it  was  decided  to  use  a  conservative  approach  and 
assume  that  all  trips  generated  by  the  development  would  repre- 
sent new  trips  to  the  site. 

TRIP  DISTRIBUTION  AND  ASSIGNMENT 

The  vehicle  -  trips  generated  by  the  proposed  development  were 
distributed  to  the  transportation  system  according  to  the  trip 
distribution  pattern  listed  in  Table  4.4.11  and  shown  in 
Figure  4.4.8.   This  is  the  same  pattern  that  has  been  established 
in  other  major  downtown  EIRs.   Assignment  of  these  trips  to  the 
local  street  system  in  the  vicinity  of  the  site  was  a  function  of 
the  access  to  the  proposed  garage,  the  existing  pattern  of  one- 
way streets  in  the  vicinity  and  the  location  of  Central  Artery 
ramps . 

TABLE  4.4.11 
TRIP  DISTRIBUTION 


Di  rection Percent 

Northeast  14% 

North  14% 

Northwest  9% 

West  17% 

Southwest  22% 

Southeast  24% 

Total  100% 


BACKGROUND  TRAFFIC  GROWTH 

In  order  to  assess  future  conditions,  it  is  not  only  neces- 
sary to  project  development  -  related  traffic  increases,  but  also 
to  project  increases  in  background  traffic.   Growth  in  background 
traffic  is  a  function  of  other  development  activity  expected 
within  the  area.   This  growth  can  be  projected  by  the  application 
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Fig.  4.4.8 


of  a  generalized  growth  factor  or  by  the  assessment  of  specific 
development  proposals.   For  this  analysis,  the  projection  of 
background  or  No-Build  traffic  (i.e.,  future  traffic  without  the 
125  Summer  Street  development  proposal)  was  based  on  the 
assessment  of  other  specific  development  proposals  projected  to 
be  completed  by  1989.   This  analysis  year  was  used  because  the 
proposed  125  Summer  Street  development  is  expected  to  be 
completed  in  late  1988  and  occupied  in  1989. 

Table  4.4.12  lists  the  projects  included  in  the  development 
of  the  1989  No-Build  networks.   The  table  includes  the  projected 
uses  for  each  development.   The  trip  generation  assumptions 
described  earlier  were  applied  against  the  projected  uses  for 
each  identified  background  development  to  obtain_.pro  j  ected  • 
vehicle,  transit  and  pedestrian  trips.   The  vehicle  - 1 r ips  were 
assigned  to  the  roadways  to  obtain  the  morning  and  evening  peak 
hour  No-Build  networks  shown  in  Figures  4.4.9  and  4.4.10, 
respectively.   The  projected  traffic  from  the  125  Summer  Street 
development  was  added  to  these  1989  No-Build  volumes  to  obtain 
the  1989  Build  volumes  shown  in  Figures  4.4.11  and  4.4.12. 

It  should  be  noted  that  the  development  plans  for  the  Bedford 
Street  garage  site  and  the  Lincoln  Street/Essex  Street  site  near 
the  project  site  are  uncertain  at  this  time,  but  that  the  BRA 
does  not  anticipate  redevelopment  to  be  finished  before  1990. 
Redevelopment  of  South  Station  was  also  considered  in  developing 
background  volumes.   By  1989,  it  is  anticipated  that  the  head- 
house  will  be  completed,  providing  in  excess  of  100,000  square 
feet  of  office  and  retail  space.   In  addition,  the  refurbishing 
of  the  train  concourse  and  loading  platforms  should  be  complete. 
A  600-space  garage  and  bus  terminal  will  be  completed  at  a  later 
date.   The  base  volumes  used  for  this  analysis  from  the  Dewey 
Square  report  cited  earlier  include  traffic  from  a  former  parking 
area  at  South  Station  that  is  no  longer  operational.   Because  the 
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base  volumes  already  include  South  Station  traffic,  no  additional 

traffic  was  generated  for  the  reconstruction  due  to  be  completed 

by  1989. 

TABLE  4.4.12 
1989  BACKGROUND  DEVELOPMENT 


Development 


Size 


Use 


99  Summer  Street 


101  Arch  Street 


150  Federal  Street 


101  Federal  Street 


International  Place 


Rowes  Wharf 


South  Station 


293,500  SF* 

9,500  SF 

340,000  SF 

46,000  SF 

475,000  SF 

10,000  SF 

469,500  SF 

15,000  SF 

1,700,000  SF 

100,000  SF 

665,000  SF 


75,000  SF 
35,000  SF 


Office 
Retail 

Office 
Retail 

Office 
Retail 

Office 
Retail 

Office 
Retail 

Office/Retail/ 
Residential 

Office 

Retai 1 

Train  Concourse/ 

Platforms 


*  SF  -  square  feet. 

The  No-Build  and  Build  networks  assume  the  relocation  of  the 

High  Street  Central  Artery  off-ramp  to  Purchase  Street,  as 

outlined  in  the  International  Place  EIR.   The  future  networks, 
however,  do  not  include  the  depression  of  the  Central  Artery,  as 

that  project  would  not  be  completed  until  sometime  well  after 
1989. 
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INTERSECTION  ANALYSIS 

Traffic  Operations  Measures 

Level  of  service  (LOS)  is  a  term  used  to  denote  the  operating 
conditions  on  a  roadway  and  is  qualitatively  measured  as  the 
effect  of  speed,  delay,  freedom  to  maneuver  and  safety.   At  Level 
of  Service  "A",  the  intersection  operates  at  free-flow  condi- 
tions.  Typically,  the  intersection  approach  appears  quite  open 
and  turning  movements  are  made  easily.   Seldom,  if  ever,  does  a 
driver  have  to  wait  through  more  than  one  red  signal  indication. 

Capacity  of  the  intersection  occurs  at  Level  of  Service  "E" 
and  is  characterized  by  consistent  backups  or  queues  of  vehicles 
waiting  to  pass  through  the  intersection.   Capacity  represents 
the  maximum  number  of  vehicles  that  can  be  processed  during  a 
given  time  frame.   At  capacity  conditions,  vehicles  will  always 
be  waiting  on  approach  roadways  to  use  signal  green  time.   In 
this  situation,  some  motorists  may  experience  significant  delays. 
There  are  many  intersections  in  the  Boston  metropolitan  area 
which  operate  at  capacity  levels  during  peak  demand  periods. 

The  analysis  of  signalized  intersections  is  based  on  the  sum 
of  critical  volumes  from  each  intersection  approach  and  the  ratio 
of  this  volume  to  capacity.   The  capacity  is  equal  to  the  maximum 
sum  of  critical  volumes  associated  with  Level  of  Service  "E". 
Basic  level  of  service  criteria  are  shown  in  Table  4.4.13.   Level 
of  Service  "F"  represents  jammed  conditions  and  is  used  for 
situations  where  volumes  are  in  excess  of  capacity. 
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TABLE  4.4.13 
LEVEL  OF  SERVICE  CRITERIA 
FOR  SIGNALIZED  INTERSECTIONS* 


Maximum  Sum 

of  Critical  Volumes 

Level  of        Two       Three     Four  or  Typical  Volume/ 

Service  Phase Phase More  Phases Capacity  Ratio 

A  900        855  825  0.00-0.60 

B  1,050      1 ,000  965              0.60.70 

C  1,200      1,140  1,100              0.70.80 

D  1,350      1,275  1,225              0.80.90 

E  1,500      1,425  1,375              0.91.00 

F  ...  Not  Applicable  -  -  -  Varies 

*  Transportation  Research  Board,  Transportation  Research 

Circular  Number  212,  Interim  Materials  on  Highway  Capacity, 
Washington,  D.C.,  January,  1980  (Planning  Criteria). 

In  capacity  calculations  for  unsignalized  intersections,  the 
assumption  is  made  that  major  street  movement  is  not  effected  by 
minor  street  movement  and  that  the  capacity  is  a  function  of 
turns  within  the  intersection  and  gaps  in  the  through  traffic 
stream.   The  difference  between  available  capacity  and  existing 
demand  is  defined  as  reserve  capacity  and  is  used  as  the 
criterion  for  determining  level  of  service.   Table  4.4.14 
summarizes  the  relationship  between  level  of  service,  reserve 
capacity  and  expected  traffic  delay. 

Capacity  Analysis 

All  study  intersections  were  analyzed  using  the  signalized 
intersection  analysis  procedure  described  above.   Table  4.4.15 
and  Figure  4.4.13  summarize  the  results  of  the  capacity  analysis 
for  all  intersections  for  Existing,  No-Build  and  Build  condi- 
tions.  For  all  but  one  study  intersection,  the  cr i ti cal -  volume 
criteria  were  reduced  by  the  percent  of  cycle  time  allocated  to 
exclusive  pedestrian  phases  or  by  the  estimated  percent  of  green 
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time  lost  by  pedestrian  interference  (i.e.,  pedestrians  walking 
against  the  "Don't  Walk"  signal  or  pedestrians  caught  in  the 
crosswalk  during  the  change  to  green).   Due  to  the  observation  of 
relatively  low  pedestrian  volumes  at  the  Kneeland  Street/Atlantic 
Avenue/  Massachusetts  Turnpike  off-ramp  intersection,  no  reduc- 
tion in  the  cri tical -  volume  criterion  was  made  at  this  location. 

TABLE  4.4.14 
LEVEL  OF  SERVICE  CRITERIA 
FOR  UNSIGNALIZED  INTERSECTIONS* 

Reserve  Level  of 

Capacity Service Expected  Traffic  Delay 

400  or  more  A  Little  or  no  delay 

300  to  399  B  Short  traffic  delays 

200  to  299  C  Average  traffic  delays 

100  to  199  D  Long  traffic  delays 

0  to   99  E  Very  long  traffic  delays 

Less  than  0  E  Fai lure  -  extreme  congestion 

(Any  Value)  F  Intersection  blocked  by 

external  causes 


*  Transportation  Research  Board,  Transportation  Research 

Circular  Number  281,  Proposed  Chapters  for  the  1985  Highway 
Capacity  Manual,  Washington,  D.C.,  June  1984. 


Currently,  three  of  the  study  locations  operate  at  Level  of 
Service  (LOS)  "E"  or  "F".   The  intersection  of  Kneeland  Street, 
Surface  Artery  and  Southeast  Expressway  ramp  operates  at  LOS  "F" 
in  the  evening  peak  hour,  but  LOS  "D"  in  the  morning  peak  hour. 
The  Summer  Street/Atlantic  Avenue  intersection  operates  at  LOS 
"F"  in  both  the  morning  and  evening  peak  hours,  and  the  inter- 
section of  Congress  Street  and  Purchase  Street  operates  at  LOS 
"E"  in  the  evening.   All  other  locations  operate  at  LOS  "D"  or 
better  in  both  peak  hours. 
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It  should  be  noted  that  numerous  ongoing  construction 
projects  in  the  area  may  be  causing  poorer  levels  of  service  at 
some  locations  than  are  indicated  in  Table  4.4.15.   The  levels  of 
service  shown  are  representative  of  base  conditions  in  the  study 
area  without  disruptions  for  temporary  construction  projects.   At 
some  locations,  construction  activity  restricts  the  number  of 
lanes  available  for  traffic,  resulting  in  increased  congestion 
and  reduced  levels  of  service.   At  other  locations,  where  there 
is  no  construction  activity,  there  may  be  additional  traffic  as  a 
result  of  drivers  avoiding  construction  areas.   This  additional 
traffic  results  in  increased  congestion  and  reduced  levels  of 
service  at  these  locations. 

Table  4.4.15  also  illustrates  changes  in  volume  -  to  - capaci ty 
ratios  and  levels  of  service  under  No-Build  conditions  in  1989. 
Seven  of  the  13  intersections  analyzed  experience  a  decline  in 
level  of  service;  however,  all  but  one  of  these  continue  to 
provide  LOS  "D"  or  better  in  both  morning  and  evening  peak  hours. 
In  the  evening  peak  hour,  the  Congress  Street  intersection  at 
Purchase  Street  declines  from  LOS  "E"  to  LOS  "F",  while  the 
Congress  Street/Atlantic  Avenue  intersection  declines  from  LOS 
"D"  to  LOS  "F". 

The  addition  of  pro ject -  related  traffic  to  1989  No-Build 
volumes  results  in  four  locations  experiencing  a  change  in  level 
of  service  from  No-Build  conditions.   Only  one  of  these  changes 
increases  the  number  of  intersections  operatincj'  at  LOS  "E"  or 
"F".   The  Surface  Artery/Essex  Street/Lincoln  Street  intersection 
will  experience  a  decline  from  LOS  "D"  to  LOS  "E"  in  the  morning 
peak  hour . 

At  the  four  intersections  projected  to  operate  at  LOS  "F" 
under  1989  No-Build  volumes,  the  addition  of  project  traffic  will 
have  limited  or  no  impact  on  volume  -  to  - capaci ty  ( V/C )  ratios. 
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The  largest  increase  in  V/C  ratio  will  be  at  the  Summer  Street/ 
Atlantic  Avenue  intersection  where  the  evening  peak  hour  V/C 
ratio  will  increase  by  0.06.   The  smallest  increase  will  be  at 
the  Congress  Street/Atlantic  Avenue  intersection  where  an 
increase  of  0.02  in  the  evening  V/C  ratio  will  be  experienced. 
There  will  be  no  change  in  V/C  ratio  at  the  Congress  Street/ 
Purchase  Street  intersection. 

In  terms  of  actual  volume,  the  largest  project  impacts  would 
be  at  the  Surface  Artery/Essex  Street/Lincoln  Street  intersection 
in  the  morning  peak  hour  and  at  the  Summer  Street/Lincoln  Street/ 
Bedford  Street  intersection  in  the  evening  peak  hour.   In  the 
morning,  the  project  will  add  an  estimated  218  additional  vehi- 
cles through  the  Surface  Artery/Essex  Street/Lincoln  Street 
intersection.   In  the  evening,  the  project  will  add  an  estimated 
222  vehicles  to  the  intersection  of  Summer  Street/Lincoln  Street/ 
Bedford  Street.   Only  the  additional  morning  volumes  at  the 
Surface  Artery/Essex  Street/Lincoln  Street  intersection  will  have 
a  significant  impact  on  delay  and  congestion  at  these  locations. 

The  City  is  currently  in  the  process  of  reviewing  plans 
providing  for  the  optimization  of  approximately  250  traffic 
signals  in  the  Downtown  area.   The  center  of  this  program 
involves  the  installation  of  a  computer  to  monitor  traffic  flow 
and  select  appropriate  traffic  signal  phasing  and  timing  based  on 
demand.   The  computer  portion  of  the  program  has  been  bid  by  the 
Massachusetts  Department  of  Public  Works  with  the  local  inter- 
section improvements  expected  to  be  bid  within  several  months. 
Completion  of  the  work  is  expected  by  the  time  of  full  occupancy 
of  the  proposed  125  Summer  Street  development.   This  improvement 
program  is  expected  to  have  a  major  impact  on  improving 
operations  at  individual  intersections  and  throughout  the  system. 
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IMPACTS  OF  OTHER  TRANSPORTATION  PROJECTS 

This  section  is  designed  to  consider  impacts  of  project 
related  traffic  on  the  roadway  networks  if  any  of  several  major 
roadway  improvements  should  be  implemented.   Four  such  sets  of 
improvements  have  been  considered.   These  include  Alternatives  A 
and  B  from  the  Dewey  Square  Comprehensive  Transportation  Systems 
Management  (TSM)  Program,  proposed  access  improvements  to  South 
Boston  across  the  Fort  Point  Channel,  and  the  Depressed  Central 
Artery. 

Dewey  Square  TSM  Alternative  A 

The  primary  changes  envisioned  for  Alternative  A  for  the 
Dewey  Square  Program  include  making  the  Surface  Artery  one-way 
southbound  and  making  Essex  Street  two-way  between  Atlantic 
Avenue  and  Kingston  Street.   This  system  would  not  result  in  any 
changes  in  routes  to  and  from  the  site.   Inbound  traffic  would 
continue  to  approach  the  site  along  Essex  Street,  South  Street 
and  Surface  Artery  (from  the  north),  while  outbound  traffic  would 
use  Federal  Street,  Summer  Street  and  Atlantic  Avenue,  and 
Surface  Artery. 

Dewey  Square  TSM  Alternative  B 

Alternative  B  is  similar  to  Alternative  A,  but  with  some 
additional  changes.   These  changes  include  making  High  Street 
one-way  northbound  between  Summer  Street  and  Atlantic  Avenue; 
making  Summer  Street  one-way  eastbound  between  Lincoln  and  High 
Street;  eliminating  the  short  eastbound  segment  of  Summer  Street 
between  High  Street  and  Purchase  Street;  and  closing  South  Street 
between  Summer  Street  and  the  Surface  Artery.   Alternative  B 
would  have  no  effect  on  most  travel  paths  to  or  from  the  site 
except  for  outbound  traffic  to  the  south  and  west  (Southeast 
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Expressway  and  Massachusetts  Turnpike)  and  to  the  north.   Because 
of  the  closure  of  South  Street  next  to  the  site  and  the  elimina- 
tion of  the  eastbound  segment  of  Summer  Street  between  High  and 
Purchase  Streets,  all  outbound  traffic  to  the  north  and  south 
would  have  to  travel  north  on  High  Street  to  Congress  Street 
where  vehicles  would  turn  right.   Proceeding  on  Congress  Street 
to  Purchase  Street,  southbound  traffic  would  turn  onto  the  south- 
bound Central  Artery  ramp.   Northbound  traffic  would  proceed 
straight  across  Purchase  Street  and  turn  left  onto  the  northbound 
Central  Artery  ramp  at  Atlantic  Avenue. 

The  Alternative  B  circulation  pattern  would  eliminate 
expected  evening  peak  hour  project  impacts  along  the  Surface 
Artery,  at  the  Purchase  Street/South  Street/Summer  Street  inter- 
section, and  at  the  Summer  Street/Atlantic  Avenue  intersection. 
Project  impacts  would  be  increased  at  High  Street  and  Federal 
Street,  High  Street  and  Congress  Street,  and  Congress  Street  and 
Purchase  Street. 

South  Boston  Access 

The  major  improvement  in  South  Boston  access  across  the  Fort 
Point  channel  which  could  occur  by  1989  would  be  the  replacement 
and  relocation  of  the  Northern  Avenue  Bridge.   Although  this 
improvement  will  result  in  better  and  more  reliable  access  to 
South  Boston,  it  will  have  little  impact  on  conditions  at  study 
area  intersections.   The  only  impact  on  the  project  will  be 
somewhat  improved  access  for  traffic  to  and  from  South  Boston. 

A  more  significant  improvement  in  terms  of  impact  on  downtown 
locations  is  a  proposed  people  mover  between  South  Station  and 
the  World  Trade  Center.   Such  an  improvement  may  serve  to 
generally  remove  traffic  from  downtown  streets  and  thereby 
contribute  to  improved  operating  conditions.   This  proposal  is 
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still  in  the  early  planning  stages  and  an  evaluation  at  this 
point  is  infeasible.   It  would  likely  not  be  fully  operational 
until  well  after  the  study  year  for  the  125  Summer  Street 
project . 

Depressed  Central  Artery 

The  potential  impact  of  the  depressed  Central  Artery  is  based 
on  the  Modified  5A  design  presented  in  the  Final  EIS  for  the 
Third  Harbor  Tunnel/Central  Artery  project.   The  major  features 
of  that  design  with  regard  to  study  area  roadways  are  making  the 
Surface  Artery  one-way  between  Summer  Street  and  Kneeland  Street 
(similar  to  the  Dewey  Square  TSM  improvements);  making  the 
Central  Artery's  South  Station  tunnel  one-way  southbound  except 
for  one  contra-flow  lane  northbound  which  would  begin  at  Essex 
Street;  and  moving  the  northbound  Central  Artery  to  a  new  tunnel 
under  the  Fort  Point  Channel.   Inbound  and  outbound  routes  to  the 
site  would  remain  essentially  the  same  as  those  that  would  be 
used  with  the  current  roadway  network.   Under  the  most  optimistic 
circumstances  the  depressed  Central  Artery  would  not  be  completed 
for  several  years  following  the  completion  of  125  Summer  Street. 

TRANSIT  AND  PEDESTRIAN  ANALYSIS 

Rapid  Transit 

The  proposed  project  is  expected  to  generate  approximately 
894  outbound  transit  trips  in  the  evening  peak  hour.   Based  on 
the  1982  Cordon  Count  for  Downtown  Boston,  70  percent  of  transit 
trips  are  made  by  rapid  transit.   Therefore,  a  total  625  outbound 
rapid  transit  trips  can  be  expected  to  be  generated  by  the 
proposed  development.   As  described  earlier,  a  considerable  level 
of  background  growth  due  to  other  area  development  is  also 
anticipated.   The  assignment  of  background  transit  trips  and 
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project  transit  trips  are  shown  in  Table  4.4.16.  This  assignment 
is  based  on  each  line's  share  of  total  rapid  transit  ridership  in 
1984. 

Passengers  on  the  Green  Line  are  expected  to  walk  directly  to 
Park  Street  to  board,  while  Orange  Line  passengers,  as  well  as 
northbound  commuter  bus  and  commuter  rail  riders,  will  board  at 
Washington.   Orange  Line  passengers  may  also  use  Essex  station, 
but  were  all  assumed  to  use  Washington  in  order  to  be  conserva- 
tive in  projecting  pedestrian  volumes  along  Summer  Street.   All 
southbound  Red  Line  commuters  are  expected  to  use  South  Station. 
Because  the  site  is  located  closer  to  South  Station  than 
Washington  Street,  50  percent  of  Red  Line  northbound  passengers 
were  assumed  to  use  South  Station  while  the  other  50  percent  of 
northbound  passengers  would  use  Washington.   Blue  Line  passengers 
were  forecast  to  use  the  Orange  Line  at  Washington  and  transfer 
at  State,  although  some  would  probably  walk  directly  to  State. 

TABLE  4.4.16 
ASSIGNMENT  OF  RAPID  TRANSIT  TRIPS 
GENERATED  BY  PROJECT  AND  BACKGROUND  DEVELOPMENT 

PM  PEAK  HOUR 

Percent         Background    Project    Total 
Line/Pi  rection Distribution    Trips* Trips Trips 

Red/North  12 

Red/South  23 

Blue/North  12 

Orange/North  20 

Orange/South  14 

Green/West  17 

Green/East  2 

Total  100 

*  Transit  trips  generated  by  all  downtown  and  South  Boston 
background  development.   Also  includes  generalized  growth 
factor  to  account  for  non-downtown  development  impacts. 
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1,348 

75 

1,423 

2,583 

144 

2,727 

1,348 

75 

1,423 

2,246 

125 

2,371 

1,573 

88 

1,661 

1,909 

106 

2,015 

225 

13 

238 

11,232 

626 

11,858 

Rapid  Transit  Improvements 

A  series  of  rapid  transit  improvements  are  underway  with 

completion  anticipated  before  1989.   These  include  relocation  of 

the  Orange  Line  and  increased  capacity  on  the  Orange,  Red  and 
Green  Lines. 

The  Southwest  Corridor  Project  involves  the  expansion  of 
trains  from  four  to  six  cars  and  the  relocation  of  the  Orange 
Line  south  of  Essex  Station.   The  segment  involved  is  approxi- 
mately 4.7  miles  in  length  and  includes  eight  new  stations. 

Red  Line  improvements  include  platform  lengthening,  station 
modernization,  acquisition  of  new  cars,  renovation  of  existing 
cars  and  track  reconstruction.   These  improvements  will  allow  the 
use  of  six-car  trains  resulting  in  a  system  capacity  increase  of 
50  percent. 

The  Green  Line  is  also  scheduled  for  improvements  to  its 
vehicle  fleet.   One  hundred  new  LRVs ,  scheduled  for  delivery  by 
the  end  of  1987,  will  help  alleviate  current  equipment  shortages 
and  improve  system  performance. 


The  projected  future  volumes  and  capacities  with  improvements 
in  place  are  shown  in  Table  4.4.17.   Under  Build  conditions,  the 
Orange  Line  will  operate  just  over  planning  capacity  in  the  north 
direction  and  under  capacity  in  the  south  direction  during  the 
evening  peak  hour  based  on  six-car  trains  and  somewhat  longer 
headways.   Under  Build  conditions,  the  Green  Line  west  ridership 
would  exceed  planning  capacity  by  28  percent,  compared  with  the 
present  33  percent  overcapacity.   With  the  planned  expansion  of 
the  Red  Line  trains  to  six  cars  and  the  maintenance  of  existing 
headways,  this  line  will  operate  under  capacity.   The  Blue  Line 
will  is  expected  to  exceed  its  planning  capacity.   Projected 
Build  volumes  generally  represent  about  a  1.0  percent  increase 


1489/1286/wpr 


4.4-31 


«  Q 

U  Z 

<  =) 
Q.  O 

<  m 

I--  u  H 

'-  3 

•  Q  O 
'T  Z 

•  <  q: 

t/l  o 

lU  uj  I 
-i  s 

m  zi  ^ 

<  -J  < 

K  o  aj 

>  Q. 

H  5 

->  a. 


c  a 

■^    10 


c 

m 

OJ 

0) 

■D 

u 

i- 

. — 

L- 

u 

r- 

11 

c 

J 

a. 

l-H 

m 

01 

CO 

0) 

d) 

E 
3 

c  to 


(1)   c 
a  « 


01 

o 


o 


o 
•7 


o 

01 


01 

•r- 

M- 

3 

f 

OJ 

I 

^ 

0) 

< 

I 

< 

<V 

,-^ 

CU 

Ul 

4-' 

L 

0) 

C 

^j 

. — 

o 

C 

i- 

E 

(0 

r 

(0 

r 

lA 

l- 

u 

< 

m 

^-- 

E 

.^ 

r 

to 

>» 

in 

u 

u 

< 

CD 

c 

1 

0) 

0) 

D 

J 

•4- 

^ 

o 

cu 

r- 

■r- 

1 

L. 

s 

s 

-i 

TD 

OJ 

0) 

t- 

C 

— 

— 

ni 

< 

< 

< 

a 

^-' 

o 
a 
'J- 


01 

o 


(0 

o 


o 

01 


o 
o 


to 
in 


o 
o 


0) 

(0 

t/) 

Q. 

<0 

D 

l_ 

U 

11 

C 

E 

OJ 

r 

■  .- 

u 

u 

0) 

un 

—  (0 

■.-  >  UO 

I  o 

*-  o  ♦' 


L    10  z 

o  o  " 


o 

o 


o 
o 

CO 


ID 
ID 


■o 

c 


o 

K 

LL 

u 

1 

in 

OJ 

in 

> 

lU 

Ji  — 

10  — 
O  X 


T3 

D 

> 

c 

1- 

m 

u 

o 

c 

u 

>  r 

£1 

>■ 

10 

+j 

13 
U 

o 

4-f 

4^ 

t: 

> 

> 

c 

r 

in 

CO 

a 

L. 

o 

01 

01 

u 

D 

11 

.r- 

c 

■f- 

J 

£. 

a 

in 

4-< 

-^ 

— 

D 

o 

(0 

4-' 

in 

D 

T3 

in 

o 

■M 

1/1 

c 

U 

3 

1/) 

•f- 

4^ 

.1- 

> 

c 

X 

10 

_l 

L. 

in 

11 

J£ 

01 

1) 

1) 

4-* 

(0 

01 

c 

in 

i- 

14- 

11 

4J 

c 

u 

O 

3 

o 

a 

CO 

_J_, 

o 

01 

01 

u 

01 

lU 

o 

>. 

>4- 

l_ 

£; 

c 

l- 

— 

10 

■*-• 

-»- 

11 

4_( 

C 

^ 

a 

c 

o 

D 

^ 

10 

o 

m 

11 

c 

(0 

l_ 

c 

t- 

■D 

CO 

0) 

in 

10 

l- 

11 

c 

a 

c 

^ 

3 

in 

13 

o 

o 

-.- 

a 

U 

10 

11 

10 

n 

■r- 

4^ 

in 

1- 

< 

u 

l_ 

u 

c 

■^ 

1- 

r 

in 

l_ 

u 

■<- 

m 

4^ 

■f- 

CO 

1- 

10 

1- 

2 

u 

..- 

l_ 

10 

4-1 

i_ 

■a 

■a 

■" 

u 
1 

C 

CO 

10 

u 

01 

j: 

. — 

L 

X 

01 

01 

10 

•  r- 

10 

.,- 

c 

c 

r 

c 

u 

3 

o 

in 

l_ 

o 

CO 

a 

HI 

1 

3 

4-1 

10 

CJ 

1 

X 

c 

u 

l- 

u 

D 

o 

-^ 

o 

11 

in 

r 

z 

in 

c 

a 

4- 

13 

01 

c 

■a 
11 

o 

o 

o 

CO 

o 

L 

CD 

o 

in 

■0 

in 

>. 

— 

o 

01 

10 

01 

c 

4-« 

v»- 

t— 

■D 

a 

in 

•  r- 

■  f 

c 

1> 

10 

CO 

u 

u 

11 

in 

in 

a 

l- 

^ 

-.- 

L 

in 

10 

•r- 

4-' 

a 

> 

10 

> 

a 

/-^ 

10 

CO 

>. 

in 

1_ 

u 

u 

1/1 

t3 

m 

4-' 

a 

CO 

r 

1) 

L 

-1- 

.1- 

4-" 

u 

u 

t_ 

3 

-.- 

u 

3 

1 

u 

3 

O 

3 

> 

10 

C 

o 

Ol 

□1  r 

m 

4-> 

a 

% 

c 

in 

•  f- 

10 

i 

*-> 

11 

01 

«4- 

J£ 

01 

CJ 

u 

m 

in 

10 

CD 

CO 

in 

lO 

in 

o 

a 

1) 

Ol 

a 

11 

m 

CO 

a 

a 

CO 

c 

<T 

a 

i_ 

r 

u 

-c- 

^^ 

c 

3 

Ul 

u 

c 

_i 

o 

u 

a 

u 

r 

.^ 

1) 

in 

r 

a> 

c 

u 

>.-o 

h- 

01 

■D 

1) 

-.- 

01 

CO 

0) 

c 

c 

Ul 

-1 

c 

i 

in 

■•- 

L 

-.- 

10 

10 

13 

CO 

c 

u 

■D 

t- 

CO 

13 

^ 

c 

0) 

^^ 

l_ 

1)  O 

u 

in 

10 

c 

in 

u 

cc 

r 

in 

T3 

— 

.f- 

<a 

c 

•t- 

c 

a  E 

4^ 

in 

-»- 

■D 

13 

o 

01 

(/I 

<u 

u 

in 

11 

>. 

u 

l_    4-' 

■  .- 

c 

■^ 

4-" 

>. 

in 

*-> 

31 

o  m 

X 

*j 

c 

o 

10 

10 

■r- 

in 

4-      >. 

1) 

c 

D 

<u 

5 

1) 

u 

m 

OJ 

U 

-<— 1 

■0 

c 

CO 

o 

< 

^ 

;_ 

l_ 

o 

10 

u 

ao 

h-     01 

— 

10 

ai 

t_ 

1) 

c 

CO 

•^ 

03   C 

< 

ao. 

a. 

c 

■>- 

u 

*-- 

S   " 

a 


01 
CD 


over  the  No-Build  volumes.   In  general,  background  volumes  would 
generate  about  a  21  percent  increase  over  existing  volumes. 

Express  Bus 

Almost  one-quarter  of  the  pro ject -  generated  transit  rider 
trips  (206  in  the  evening  peak  hour)  are  expected  to  be  by  bus. 
Five  express  routes  provide  service  between  the  Financial 
District  and  suburban  areas  along  the  Massachusetts  Turnpike. 
Express  bus  service  is  also  available  from  Haymarket  to  North 
Shore  coastal  communities.   Private  commuter  bus  service  to  the 
South  Shore  is  provided  at  South  Station.   Local  bus  service  is 
limited  and  has  not  been  analyzed. 

The  extent  of  the  service  coupled  with  the  level  of  new  trips 
from  the  proposed  development  will  result  in  minor  impacts  on 
express  bus  operation.   The  MBTA  maintains  a  policy  that  reduces 
the  potential  for  standees  by  releasing  buses  when  seats  are 
filled  in  order  to  maintain  the  high  level  of  ridership.   This 
includes  adding  buses  to  the  express  routes  as  needed. 

Pedestrians 

Most  pedestrian  trips  will  be  transit  related  (i.e.,  walking 
to  rapid  transit  stations  or  bus  stops).   Approximately  510 
pedestrian  trips  a  day  are  expected  to  be  strictly  walking  trips 
(i.e.,  the  entire  trip  is  made  by  walking,  and  no  other  mode  of 
travel  is  used  for  any  portion  of  the  trip).   Only  30  walk  trips 
are  projected  to  occur  in  the  evening  peak  hour.   The  majority  of 
transi t -  related  pedestrian  trips  can  be  expected  to  use  Summer 
Street  west  of  the  site  for  access  to  the  Washington  and  Park 
Street  stations  and  Summer  Street  east  of  the  site  for  access  to 
South  Station  via  Dewey  Square.   Blue  line  passengers  were 
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assumed  to  use  Summer  Street  to  board  at  Washington  and  transfer 
at  State,  however,  some  may  walk  north  up  Devonshire  Street  to 
reach  State  Street  directly. 

Pedestrian  volumes  were  analyzed  along  Summer  Street  to 
account  for  the  pro ject -  generated  pedestrian  trips,  as  well  as 
expected  volumes  from  four  other  background  development  projects. 
These  projects  include  101  and  150  Federal  Street,  99  Summer 
Street  and  101  Arch  Street  (Franklin  Place). 

Table  4.4.18  shows  project  and  background  pedestrian  volumes 

along  Summer  Street.   The  volumes  are  shown  for  peak  load  areas 

at  the  South  Station  and  Washington  transit  stations.   The 

project  would  generate  almost  850  pedestrians  along  Summer  Street 

in  the  PM  peak  hour.   One-third  of  these  (285)  pedestrians  would 

walk  through  Dewey  Square  to  South  Station,  while  the  remainder 

(566)  would  walk  toward  Washington  and  Park  Street  stations. 

Most  of  these  trips  would  be  bound  for  either  bus  or  transit 

stops.   Figures  4.4.14  and  4.4.15  show  total  1989  pedestrian 

volumes . 

TABLE  4.4.18 
SUMMER  STREET  PEDESTRIAN  VOLUMES* 

Pi  rection Background**    Project    Total 

At  Dewey  Square  721  285     1,006 

At  Washington  Street      2, 027  566     2, 593 

Total  2,748  851     3,599 

*   Pedestrian  volumes  consist  of  all  walk  trips  and 
transi t -  related  pedestrian  trips. 
**   Background  projects  included  are:   101  and  150 
Federal  Street,  99  Summer  Street,  and  101  Arch 
Street. 

Based  on  the  volumes  shown  in  Figures  4.4.14  and  4.4.15,  a 
pedestrian  level  of  service  analysis  was  performed  for  the  south 
side  of  Summer  Street  between  South  Street  and  Surface  Artery. 
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This  location  was  chosen  because  all  pedestrians  traveling 
between  the  project  and  Dewey  Square  are  expected  to  use  this 
block  before  entering  the  rapid  transit  station  in  front  of  One 
Financial  Center  or  crossing  Atlantic  Avenue  to  reach  commuter 
rail  or  commuter  bus  service.   It  also  has  the  narrowest  sidewalk 
location  between  the  site  and  South  Station.   Using  procedures 
outlined  in  the  1985  Highway  Capacity  Manual,  it  is  expected  that 
pedestrians  will  experience  a  Level  of  Service  "B"  in  both  the 
morning  and  evening  peak  hours.   This  is  based  on  an  effective 
sidewalk  width  of  8  feet. 

PARKING 

The  125  Summer  Street  development  includes  the  provision  of  a 
maximum  of  400  parking  spaces.   Access  to  the  garage  will  be  via 
an  entrance  on  Lincoln  Street.   Admittance  will  be  restricted  to 
those  individuals  who  have  magnetic  cards  to  gain  access  to  the 
building.   A  card  controlled  gate  and  an  access  door  (similar  to 
the  door  located  at  the  JFK  Federal  Building  on  Cambridge  Street) 
will  be  provided.   The  doors  will  be  recessed  from  the  roadways  a 
sufficient  distance  to  hold  one  waiting  vehicle  (car  or  delivery 
truck)  without  it  blocking  the  adjacent  sidewalk  or  street. 

A  loading  dock  with  three  bays  will  also  be  provided  inside 
the  buildings  with  an  entrance  on  Lincoln  Street.   The  bays 
inside  the  building  will  have  sufficient  space  for  trucks  to  back 
into  the  bays  once  they  have  pulled  forward  to  get  inside  the 
building.   As  a  result,  there  will  be  no  blockage  of  Lincoln 
Street  traffic  by  trucks  blocking  of  Lincoln  Street  traffic  by 
trucks  backing  into  the  bays. 
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Parking  Demand 

The  495,000  square  foot  development  will  generate  the  need 
for  362  long-term  employee  spaces  (all  day  commuter  parking) 
based  on  trip  generation  factors  previously  detailed.   These 
assumed  that  30  percent  of  the  building's  employees  arrive  via 
auto  with  an  occupancy  rate  of  1.8  persons  per  vehicle.   The 
short-term  demand  from  building  visitors  is  approximately  95 
spaces.   This  demand  was  calculated  using  a  turnover  rate  of  2.67 
cars  per  space  per  day  taken  from  Parking  in  Central  Boston.   The 
turnover  was  applied  to  the  number  of  non-work  trips  arriving  at 
the  site.   Total  daily  parking  demand  will  be  457  spaces. 

Spaces  in  the  garage  will  be  allocated  to  tenants  on  the 
basis  of  the  amount  of  space  leased.   As  noted  earlier,  access 
to  the  garage  will  be  controlled  by  card  -  operated  gates  and 
doors.   As  a  result,  the  garage  will  serve  only  long-term 
tenant  needs.   In  addition,  because  of  the  downtown  parking 
freeze,  no  new  commercial  parking  spaces  may  be  added  downtown. 
Therefore,  the  developer  is  unable  to  provide  additional  short- 
term  parking.   If  the  proposed  maximum  of  400  spaces  is  provided, 
all  projected  long-term  needs  will  be  accommodated.   Provision  of 
less  than  362  spaces  would  result  in  a  shortfall  in  the  supply  of 
long-term  spaces  versus  projected  demand.   A  shortfall  of  95 
short-terra  spaces  (all  short-term  demand)  is  expected  because  the 
garage  spaces  are  to  be  allocated  for  tenant  (long-term)  use 
only . 

CONSTRUCTION  IMPACTS 

Construction  Employee  Trip  Generation  and  Parking 

The  number  of  workers  required  over  the  two-year  construction 
period  will  vary  but  it  is  estimated  that  the  peak  at  any  given 
time  will  not  be  more  than  350  workers.   Trip  generation  by 
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construction  workers  is  a  direct  function  of  employment  levels. 
Assuming  an  auto  occupancy  of  two  or  three  persons  (based  on  the 
shortage  of  parking,  current  costs  of  parking  and  the  greater 
inclination  of  construction  workers  to  carpool),  the  350 
employees  during  the  peak  construction  period  would  generate 
from  117  to  175  trips  each  peak  period  if  all  employees  commute 
by  automobile.   In  fact,  the  construction  firm  selected  by  the 
developers  for  this  project  estimates  that  at  least  half  of  the 
construction  workers  will  likely  utilize  public  transportation 
due  to  the  downtown  location  of  the  site  and  its  good  accessi- 
bility via  transit.   In  addition,  construction  workers  generally 
travel  before  the  peak  hours  {working  7:00  AM  to  3:30  PM),  so 
they  do  not  add  to  commuter  peak  hour  traffic.   As  a  result,  no 
significant  impact  to  the  area  roadway  system  is  anticipated  from 
construction  worker  vehicle  -  trips . 

No  parking  will  be  available  on-site  for  construction 
workers.   Therefore,  the  construction  workers  who  drive  will  park 
in  available  public  spaces  in  area  garages  or  surface  parking 
lots.   This  assumption  is  reasonable  in  light  of  the  recently 
completed  Copley  Place  development,  a  large  project  for  which  no 
construction  parking  arrangements  were  made.   Some  workers  may 
park  at  surface  lots  along  Northern  Avenue  across  the  Fort  Point 
Channel  because  of  the  high  daily  cost  of  off-street  parking  in 
the  immediate  area.   The  project  contractor  indicates  that  these 
lots  are  commonly  used  by  construction  workers  working  in 
downtown.   Alternatively,  the  high  cost  of  downtown  parking  may 
encourage  lower  auto  use  and  higher  transit  usage. 

Street  Closure 

Although  no  materials  storage  area  will  be  established  on- 
site,  areas  on  the  periphery  of  the  site  will  be  used  for 
unloading  construction  materials.   State  land  adjacent  to  the 
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site  near  the  Central  Artery  vent  stack  along  the  Surface  Artery 
will  be  used  as  the  main  staging  area,  and  a  flip-down  loading 
dock  will  be  provided  on  Lincoln  Street  for  materials  which  can 
be  transported  via  the  on-site  hoist.   No  street  closures  will  be 
required  during  project  construction.   The  only  lane  restrictions 
that  will  be  necessary  include  the  Surface  Artery  curb  lane  from 
6:00  AM  to  3:30  PM  (no  blockage  permitted  during  the  afternoon 
commuter  peak  period)  and  the  Lincoln  Street  curb  lane  during 
deliveries  at  the  flip-down  loading  dock  (no  blockage  permitted 
during  the  morning  commuter  peak  period).   No  blockage  of 
existing  South  Street  or  Summer  Street  travel  lanes  will  be 
permitted . 

As  part  of  the  project  construction,  the  facades  of  existing 
buildings  along  Summer  Street  and  the  northern  portions  of 
Lincoln  and  South  Streets  are  to  be  preserved.   In  order  to 
accomplish  this,  a  facade  support  system  must  be  erected  that 
will  extend  approximately  10  feet  from  the  faces  of  the  existing 
buildings.   This  will  cover  the  sidewalk  and  extend  slightly  into 
the  curb  lane  which  is  currently  posted  for  no  parking  but  is 
frequently  used  for  illegal  parking.   Provisions  will  be  made  for 
pedestrian  flow  on  Summer  Street  by  means  of  a  walkway  adjacent 
to  the  facade  support. 

The  exact  source  locations  of  construction  materials  are  not 
known  at  this  time,  but  it  is  estimated  that  all  deliveries  will 
access  the  site  via  the  Surface  Artery  and  Central  Artery. 
Deliveries  from  the  north  are  expected  to  exit  the  Central  Artery 
at  Purchase  Street  and  proceed  to  the  site  via  the  Surface 
Artery.   Deliveries  from  the  west  and  south  will  exit  the 
Turnpike  and  Southeast  Expressway  at  Kneeland  Street.   Large 
trucks  will  proceed  to  the  site  via  Atlantic  Avenue,  Summer 
Street  and  the  Surface  Artery  so  as  to  allow  these  vehicles  to  be 
properly  lined  up  for  entry  into  the  construction  material 
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delivery/pickup  lanes  to  be  provided  at  the  site  (see 
Construction  Management  section  of  "Access  Plan").   Smaller 
trucks  can  use  South  Street  to  the  site.   Return  trips  to  the 
north  will  be  via  the  Atlantic  Avenue  on-ramp  north  of  Congress 
Street,  while  southbound  and  westbound  trips  will  use  the  Surface 
Artery  to  reach  the  Kneeland  Street  on-ramp. 
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4.4.4    ACCESS  PLAN 

DEMAND  REDUCTION/MANAGEMENT  STRATEGIES 

Reducing  the  amount  of  traffic  generated  is  an  effective 
alternative  to  simply  providing  the  roadway  improvements  neces- 
sary to  satisfy  projected  traffic  growth.   Much  can  be  done  to 
reduce  automobile  usage  and  thereby  lessen  the  need  for  improve- 
ments or  provide  for  the  more  efficient  use  of  any  improvements 
provided.   The  following  describe  measures  designed  to  reduce  the 
number  of  vehicle  -  trips  into  the  project  area.   All  have  been 
discussed  with  the  proponent,  who  has  committed  to  implementing 
them  in  so  far  as  it  is  within  his  ability  to  do  so. 

Rideshar ing 

Ridesharing  is  an  overall  term  that  refers  to  encouraging 
commuters  to  ride  in  vehicles  with  other  commuters  rather  than 
driving  to  work  alone.   The  most  common  forms  of  ridesharing  are 
carpools  and  vanpools.   Increased  ridesharing  means  that  fewer 
vehicles  will  be  using  the  roadways,  with  the  result  that  there 
will  be  less  congestion.   An  additional  benefit  will  be  reduced 
fuel  consumption,  as  fewer  vehicle  miles  will  be  traveled. 

Carpooling  and  vanpooling  programs  are  best  implemented  at 
the  company  level  with  a  designated  administrator  to  oversee  the 
program.   Incentives  will  include: 

1.  Provision  of  on-site  ca rpool/vanpool  matching  programs; 

2.  Participation  in  joint  programs  with  other  nearby  tenants 
organizations,  and  companies; 
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3.  Provision  of  promotional  materials  on  ridesharing  to 
employees ; 

4.  Publication  of  a  building  newsletter  and  a  computerized 
billing  system  for  tenants  which  will  provide  flexibility 
in  disseminating  information  and  aid  in  matching  poten- 
tial poolers; 

5.  Sponsorship  of  Caravan  (an  organization  which  leases 
commuter  vans  and  provides  administrative  and  organ- 
izational assistance)  and  other  van  leasing  programs. 

Public  Transportation 

Another  major  way  to  reduce  the  number  of  vehicles  on  the 
roadways  is  to  encourage  employees  to  use.  transit  instead  of 
driving  to  work.   The  proposed  project  site  is  located  within 
walking  distance  of  South  Station,  the  Express  Bus  stops  in  the 
Financial  District,  and  the  Park  Street  (Green  Line)  and 
Washington  Street  (Red  and  Orange  Lines)  rapid  transit  stations. 
This  provides  an  excellent  opportunity  for  the  project  to 
generate  high  transit  usage.   The  proponent  will  encourage 
transit  usage  through  the  following  measures: 

1.  Provision  of  an  on-site  location  for  sale  of  MBTA  passes 
and  private  bus  line  tickets; 

2.  Subsidization  of  a  portion  of  the  cost  of  MBTA  passes  or 
other  weekly/monthly  commutation  tickets  for  the 
proponent's  employees; 

3.  Encouraging  other  tenants  to  subsidize  a  portion  of  their 
employees'  public  transportation  costs; 
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4.  Provision  of  bus,  commuter  rail  and  commuter  boat 
schedules ; 

5.  Provision  of  promotional  and  informational  materials  for 
all  forms  of  public  transportation; 

6.  Working  with  the  MBTA  to  provide  an  improved  bus  shelter 
and  amenities  within  the  project  block. 

Alternative  Work  Schedules 

Alternative  work  schedules  offer  a  way  to  reduce  peak  hour 
demands  on  the  roadway  system  and  on  transit  systems  by  shifting 
travel  to  non-peak  hour  periods  or  by  reducing  the  total  amount 
of  travel  per  week.   The  major  alternatives  are: 

a.  Staggered  work  hours  -  are  generally  Set  up  in  such  a  way 
that  groups  of  employees  are  assigned  staggered  starting 
times,  typically  at  15-minute  intervals,  spread  over  a 
one  or  two-hour  period; 

b.  Flexible  work  hours  -  allows  employees  to  choose  their 
own  starting  and  finishing  times,  as  long  as  they  are 
present  during  a  central  part  of  the  day  (called  core 
time ) ; 

c.  Compressed  work  weeks  -  involves  shifting  some  workers 
from  a  standard  five  days  per  week,  eight  hours  per  day 
schedule  to  fewer  days  of  longer  hours  (e.g.,  four  days 
per  week,  ten  hours  per  day). 
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The  proponent  has  agreed  to  the  following  measures  in  this 
category: 

1.  Implementing  one  of  the  above  concepts  for  its  own 
employees ; 

2.  Encouraging  other  tenants  to  do  the  same  during  the  lease 
negotiation  process; 

3.  As  an  incentive  for  other  tenants,  the  proponent  will 
make  building  services  such  as  heat,  air  conditioning, 
etc.,  available  during  "off -hours"  at  no  cost  penalty  if 
tenants  shift  employee  start/end  times. 

Parking  Supply  Management 

The  development's  parking  supply  will  be  managed  to  encourage 
reduced  peak  hour  traffic.   Measures  which  would  accomplish  this 
include : 

1.  Provision  of  one  vanpool  parking  space  for  each  50,000 
square  feet  of  building  space,  or  10  vanpool  spaces  for 
the  project; 

2.  Preferential  parking  for  carpool  and  vanpool  vehicles. 

3.  Construction  of  the  project,  particularly  the  creation  of 
a  new  garage  entrance  on  Lincoln  Street,  will  not  require 
the  loss  of  any  curb  parking  spaces  due  to  the  existing 
parking/stopping  prohibitions  on  all  four  sides  of  the 
project  block. 
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Delivery  Vehicles 

1.  Restriction  of  all  tenant  delivery  vehicles  (with  the 
exception  of  courier  services)  to  off-peak  hours,  which 
include  all  times  other  than  7-10  AM  and  3-6  PM. 

2.  Restriction  of  major  tenant  deliveries  (which  typically 
require  the  moving  of  furniture,  etc.)  to  before  7:00  AM 
or  after  6:00  PM; 

3.  Provision  of  a  24-hour  loading  dock  attended  by  a  full- 
time  dockmaster  to  encourage  off-hours  deliveries; 

4.  Prohibition  of  any  deliveries  by  tractor  -  trailer 
vehicles ; 

5.  Prohibition  of  deliveries  to  the  building  from  any  loca- 
tion other  than  the  loading  dock.  No  deliveries  will  be 
accepted  through  the  main  entrances  to  the  building. 

6.  Provision  of  sufficient  off-street  space  for  all  delivery 
vehicles,  including  bicycles,  to  minimize  on-street 
activity  (all  space  will  be  drive  -  in/drive -out ,  requiring 
no  backing )  ; 

7.  Items  3  and  5  will  reduce  turnover  time  for  delivery 
vehicles  (dockmaster  can  jockey  vehicles  in  loading  area) 
and  improve  security  for  delivery  services  if  they  use 
the  off-street  facility; 

8.  Use  of  collection  boxes  for  major  courier  services 
(Federal  Express,  Purolator,  etc.)  at  a  location 
convenient  to  the  loading  dock.   Dropoffs/pickups  will 
not  be  accepted  at  other  locations,  thereby  minimizing 
impact  on  street  traffic. 
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9.   The  loading  dock  entrance  on  Lincoln  Street  will  not 
require  the  loss  of  any  curb  parking  spaces  due  to  the 
existing  No  Stopping  regulations. 


Taxis 


1.  Provision  of  a  taxi  stand  waiting  area  on  the  project's 
Summer  Street  frontage  near  the  Lincoln  Street  end  to 
provide  on-call  pickups  at  the  main  building  entrance. 
The  stand  would  serve  area  wide  needs  since  none  are 
located  in  the  immediate  vicinity.   Space  for  three  taxis 
should  be  sufficient.   No  curb  parking  spaces  will  be 
lost  due  to  the  existing  No  Stopping  regulations. 

2.  Taxi  drop-offs  would  occur  at  any  of  the  three  building 
entrances  on  Lincoln,  Summer  or  South  Streets.   Curb 
access  will  be  available  with  the  continuation  of  the 
existing  No  Stopping  regulations  on  these  block  faces. 

Pedestrians 

Good  pedestrian  linkages  should  be  available  between  the 
project  and  the  main  activity  areas  surrounding  the  site. 
Important  connections  include  the  following: 

a.  Across  South  Street  and  Surface  Artery  to  One  Financial 
Center  and  South  Station, 

b.  Across  Summer  Street  to  100  Summer  Street,  Devonshire 
Street  and  Downtown  Crossing, 

c.  Across  Lincoln  Street  to  the  proposed  Bedford  Building, 

d.  Along  Surface  Artery  toward  Essex  Street  and  Chinatown. 
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Therefore,  the  following  improvements  are  proposed  to  enhance 
existing  pedestrian  amenities  in  the  project  area: 

1.  Painted  or  rubble  block  crosswalks  are  provided  at  all 
intersections  around  the  site  in  appropriate  locations 
for  the  activity  centers  noted  above.   However,  it  would 
be  desirable  to  renew  the  paint  markings  since  many  are 
worn . 

2.  All  intersections  surrounding  the  site  except  one  are 
equipped  with  pedestrian  actuation  devices  (push  buttons) 
and  Walk/Don't  Walk  signal  indications  these  have  been 
timed  for  existing  traffic  conditions  in  the  Dewey  Square 
area  so  as  to  allow  concurrent  pedestrian  crossings  and 
minimize  undue  delay  to  both  vehicles  and  pedestrians. 
The  one  location  which  is  not  so  equipped  is  Summer/ 
Lincoln/Bedford,  which  currently  has  only  crosswalks.   It 
is  proposed  that  this  intersection  be  investigated  for 
the  possible  addition  of  pedestrian  crossing  signals.   It 
is  also  proposed  that  all  other  locations  around  the  site 
be  evaluated  for  potential  modifications  to  pedestrian 
signal  timing  and  phasing. 

3.  Appropriate  levels  of  street  lighting  will  be  provided  on 
all  sidewalks  surrounding  the  site.   Only  the  South 
Street  block  is  currently  equipped  with  lighting. 


Other 


1.  Provision  of  a  secure  bicycle  storage  area  for  use  by 
employees  who  wish  to  commute  via  bicycle. 

2.  Appointment  by  the  project  proponent  of  a  staff  person  to 
coordinate  all  of  the  above  efforts. 
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Access  Goals 


In  the  impact  analysis  section,  figures  were  given  for 
several  factors  which,  when  combined,  resulted  in  the 
project's  estimated  contribution  to  vehicle  trip  and 
transit  trip  loadings  on  the  study  area  transportation 
systems.   Three  such  factors  are  the  most  significant  in 
terms  of  this  end  result.   They  are: 

o    Percent  transit  use  (person  trips  to/from  the  project 

by  all  forms  of  public  transportation) 
o    Vehicle  occupancy  rate  (number  of  people  in  each 

vehicle  driving  to/from  the  project) 
o    Peak  hour  percentage  (the  portion  of  daily  trips 

to/from  the  project  which  occur  during  the  AM  or  PM 

peak  hour) 

To  minimize  vehicular  travel,  it  would  be  desirable  if 
the  first  two  factors  were  higher  than  assumed  and  the 
third  factor  lower  than  assumed.   This  serves  as  the 
basis  for  establishing  a  set  of  access  goals  for  the 
project,  as  shown  in  Table  4.4.19.   The  table  lists  each 
of  the  three  factors,  or  measures  of  effectiveness,  along 
with  the  value  estimated  in  the  impact  analysis,  the 
Access  Plan  feature  that  will  try  to  improve  the  factor, 
and  the  goal  set  for  each  factor  after  implementation  of 
the  Access  Plan  at  full  project  buildout  and  occupancy. 
The  lower  portion  of  the  table  summarizes  the  AM  and  PM 
vehicle  trips  and  transit  person  trips  estimated  for  the 
original  impact  analysis  factors  and  for  the  new  factors 
which  will  be  the  goals.   It  should  be  noted  that  all 
figures  in  the  table  refer  to  office  work  trips,  which 
constitute  about  89  percent  of  the  project's  vehicle  trip 
generation  and  about  93  percent  of  its  transit  trip 
gene  ration . 
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TABLE  4.4.19 
ACCESS  GOALS 


Analysis 
Estimate 


Mitigation 

Action         Goal 


A.  Trip  Generation  Factors 
Percent  by  Transit 

Vehicle  Occupancy  Rate 
Peak  Hour  Percentage 


B.  Resulting 
Peak  Hour  Trips 

Vehicle  Trips: 


AM 
PM 


Transit  Trips:   AM 

PM 


70% 

Transit 
Incentive 

7  5% 

1.8 

Rideshar ing 

2.0 

55% 

Alternative 
Work  Hours 

50% 

194 
194 

817 
817 


133 
133 

795 
795 


The  impact  of  fulfillment  of  Access  Plan  goals  on  level  of 
service  is  shown  in  Table  4.4.20.   In  the  AM  peak  hour  the 
greatest  impact  on  V/C  ratios  would  occur  at  Surface  Artery/ 
Lincoln  Street/Essex  Street,  where  the  Build  V/C  ratios  would 
decline  from  0.97  to  0.94.   The  only  other  change  in  the  AM  would 
be  at  Lincoln  St reet/Kneeland  Street/Southeast  Expressway  Ramp, 
where  the  V/C  ratio  would  decline  from  0.86  to  0.84. 

In  the  PM  peak  hour,  six  intersections  would  experience 
improved  V/C  ratios.   The  greatest  impacts  would  occur  at  Summer 
Street/South  Street/High  Street,  where  the  ratio  would  decline 
from  0.80  to  0.74,  and  at  Surface  Artery/South  Street/Expressway 
Ramp,  where  the  V/C  ratio  would  decline  from  0.88  to  0.84. 
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TABLE  4o4.20 

EFFECTS  OF  ACCESS  PLAN 

GOALS  ON  VOLUME -TO -CAPACITY  RATIOS 


AM  Peak  Hour  PM  Peak  Hour 


Without     With        Without     With 
Access     Access     Access     Access 
Location Goals Goals Goals Goals 

1.  Congress  St./ 

High  St.  0.60       0.60        0.64        0.64 

2.  Congress  St./ 

Purchase  St.  0.80      0.80       1.32       1.32 

3.  Congress  St./ 

Atlantic  Ave.  0.83       0.83        1.04        1.04 

4.  Federal  St./ 

High  St.  0.78       0.78        0.54        0.54 

5.  Kneeland  St./ 
Surface  Artery/ 

S.E.  Expressway  Ramp   0.85       0.85        1.20        1.18 

6.  Kneeland  St./ 
Lincoln  St./ 

S.E.  Expressway  Ramp   0.86       0.84        0.46        0.46 

7.  Kneeland  St. /Atlantic 

Ave. /Turnpike  Ramp     0.57       0.57        0.33        0.33 

8.  Summer  St. /Lincoln 

St. /Bedford  St.        0.71       0.71        0.63        0.62 

9.  Summer  St. /South 

St. /High  St.  0.47       0.47        0.80        0.74 

10.  Summer  St. /Surface 

Artery/Purchase  St.    0.65       0.65        0.62        0.62 

11 .  Summe  r  St ./ 

Atlantic  Ave.  1.03       1.03        1.16        1.14 

12.  Surface  Artery/ 
Essex  St./ 

Lincoln  St.  0.97       0.94        0,74        0.73 

13.  Surface  Artery/ 
South  St./ 

Expressway  Ramp        0.67       0.67        0.88        0.84 
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2.  As  a  follow  up  to  the  setting  of  goals,  the  proponent 
will  provide  annual  management  reports  to  the  City  on 
compliance  with  the  stated  objectives  as  well  as  other 
elements  of  the  Access  Plan. 

3.  The  proponent  also  commits  to  work  with  the  City  to 
resolve  any  areas  of  non-compliance. 

CONSTRUCTION  MANAGMENT 

An  important  component  of  the  Access  Plan  is  an  effective 
series  of  measures  designed  to  minimize  traffic  flow  and  safety 
impacts  during  the  construction  phase.   Summarized  below  are 
several  measures  which  will  be  incorporated  into  the  construction 
management  plan  for  the  project.   The  details  of  the  plan  are 
included  in  a  Traffic  Maintenance  Agreement  which  is  included  in 
the  Appendix.   The  summary  listing  is  as  follows: 

1.  Secure  fencing,  staging  and  bracing  around  the  entire 
block,  including  sidewalks,  to  protect  pedestrian  traffic 
near  the  construction  site. 

2.  Use  of  the  adjacent  State  land  near  the  Central  Artery 
vent  stack  on  the  Surface  Artery  side  of  the  block  as  the 
main  staging  area  for  construction  materials.   A  lane  for 
soil  removal  trucks  and  concrete  trucks  will  be  provided 
through  this  area  with  separate  in  and  out  gates  to 
reduce  the  need  for  backing  of  construction  vehicles  onto 
the  Surface  Artery. 

3.  Use  of  the  adjacent  curb  lane  on  the  Surface  Artery  for 
steel  delivery  trucks.  This  lane  will  be  operated  only 
from  6:00  AM  to  3:30  PM  so  as  not  to  disrupt  the  after- 
noon commuter  peak  hour.   A  removable  barrier  will 
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separate  the  lane  from  general  traffic  during  its 
operation.   The  existing  bus  stop  on  this  block  will  be 
relocated. 

4.  No  blockage  of  existing  travel  lanes  on  Summer  Street  or 
South  Street  at  any  time. 

5.  Use  of  a  narrow  portion  of  Lincoln  Street  (approximately- 
one  lane  wide)  as  a  materials  dropoff  area.   Current 
illegal  parking  activity  on  this  street  results  in 
frequent  blockage  of  the  curb  lane,  minimizing  the  impact 
of  such  activity  on  through  traffic  flow. 

6.  Construction  worker  parking  will  not  be  permitted  on-site 
or  adjacent  to  the  construction  area.   All  construction 
workers  will  be  required  to  access  the  site  by  public 
transportation,  ridesharing  or  by  parking  at  an  off-site 
location. 

7.  Scheduling  of  worker  shifts  so  as  to  minimize  conflict 
with  the  typical  commuting  periods. 

ROADWAY  IMPROVEMENTS 

The  project's  size  characteristics,  excellent  location  with 
respect  to  public  transportation  services,  and  the  proponent's 
proposed  commitment  to  various  demand/reduction  strategies  all 
will  result  in  relatively  small  traffic  impacts  at  the  key 
locations  analyzed.   Nevertheless,  the  proponent  recognizes  the 
desirability  of  improving  traffic  circulation  within  the  Dewey 
Square  area  so  as  to  maximize  efficiency  of  traffic  flow  to/from 
the  project  site.   Therefore,  the  proponent  has  committed  to  work 
with  the  City  and  to  support  implementation  of  its  proposed 
Transportation  Systems  Management  improvement  program  for  Dewey 
Square . 


1489/1286/wpr 

4.4-50 


As  a  result  of  this  study,  certain  intersection  improvements 
have  been  identified  which  will  improve  volume  -  to  - capaci ty  ratios 
and  reduce  congestion.   Improvements  are  delineated  below  for  the 
three  intersections  which  will  be  impacted  by  the  project  and 
will  operate  at  LOS  "F". 

o    Congress  Street/Atlantic  Avenue  -  The  evening  peak  hour 
level  of  service  can  be  improved  from  "F"  to  "E"  by 
making  the  northbound  curb  lane  available  for  traffic. 
This  would  entail  enforcement  of  an  existing  restriction 
on  parking  during  the  evening  peak  period.   Use  of  this 
lane  as  a  travel  lane  would  reduce  the  V/C  ratio  from 
1.04  to  0.95. 

o    Kneeland  Street/Surface  Artery/Expressway  Ramp  -  Short  of 
major  reconstruction,  mitigation  measures  for  this  inter- 
section cannot  be  feasibly  implemented.   Presently,  all 
existing  approach  lanes  are  fully  utilized  by  peak  hour 
traffic.   Also,  due  to  the  fact  that  this  intersection  is 
part  of  a  system  of  coordinated  traffic  signals,  changes 
in  cycle  length  or  phasing  could  result  in  adverse 
impacts  on  the  operation  of  other  downtown  intersections. 

o    Summer  Street/Atlantic  Avenue  -  Changes  at  this  inter- 
section involve  providing  the  curb  lane  on  northbound  and 
westbound  approaches  for  travel.   This  would  result  in  an 
increase  in  the  morning  level  of  service  from  "F"  to  "C" 
and  a  decline  in  V/C  ratio  from  1.09  to  0.78.   In  the 
evening,  level  of  service  would  improve  from  "F"  to  "E" 
and  the  V/C  ratio  would  decline  from  1.12  to  0.91.   The 
difficulty  in  enforcing  a  restriction  at  the  front  of 
South  Station  is  clearly  an  important  issue  that  must  be 
addressed  before  implementing  such  a  change.   However, 
elimination  of  parking  only  from  Atlantic  Avenue  will 
also  contribute  to  improved  V/C  ratios. 
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4 . 5   Air  Quality  Impacts 

A. 5.1  Objective 

The  objective  of  this  analysis  Is  to  determine 
project-related  Impacts  of  carbon  monoxide  associated  with 
construction  of  125  Summer  Street.   Both  existing  and  future 
levels  were  examined  for  comparison  to  the  Massachusetts  and 
National  Ambient  Air  Quality  Standard  (NAAQS)  for  carbon 
monoxide.   The  standards,  established  by  the  Federal  Clean  Air 
Act,  are  designed  to  protect  both  public  health  and  welfare. 
To  demonstrate  compliance,  It  Is  necessary  to  Identify  those 
areas  of  human  activity  (sensitive  receptors)  exposed  to 
maximum  air  pollutant  levels  from  motor  vehicle  emissions  In 
the  project  area.   Using  air  quality  modeling  techniques, 
carbon  monoxide  levels  are  estimated  at  these  sensitive 
receptors  for  the  present  and  future  years.   Comparison  of 
projected  pollutant  levels  to  the  NAAQS  permits  evaluation  of 
whether  motor  vehicle  emissions  will  pose  a  threat  to  public 
health  or  welfare. 

4.5.2  Pollutant  Sources  and  Effects 

Of  the  six  pollutants  regulated  by  the  NAAQS,  four  are 
emitted  by  motor  vehicles  or  formed  from  their  emissions: 
carbon  monoxide  (CO),  nitrogen  oxides  (NO  ),  ozone  (0^), 
and  lead  (Pb).   Carbon  monoxide  Is  used  In  this  analysis  as  an 
Indicator  of  roadway  air  pollution  levels,  since  It  Is  the  most 
abundant  and  persistent  pollutant  emitted  by  motor  vehicles. 
Further,  Its  nonreactlve  properties  over  the  short  term  allow 
pollutant  transport  and  dispersions  to  be  modeled. 

The  adverse  health  effects  of  carbon  monoxide  are  a  result 
of  Its  combination  with  blood  hemoglobin  to  form 
carboxyhemoglobln  (COHb).   As  CO  replaces  oxygen  In  the  red 
blood  cells  this  compound  reduces  the  amount  of  oxygen 
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available  to  the  lungs  and  body  tissues.   The  presence  of 
relatively  small  amounts  of  CO  results  in  significant 
interference  with  essential  cardiovascular-respiratory 
functions.   Relatively  brief  exposure  to  high  levels  over  40 
part  per  million  (ppm)  can  impair  perception,  discrimination, 
and  other  psychomotor  functions. 

National  Ambient  Air  Quality  Standards  (NAAQS)  for  carbon 
monoxide  have  been  set  by  the  U.  S.  Environmental  Protection 
Agency  (EPA).   Standards  for  the  Commonwealth  of  Massachusetts 
are  identical  to  the  Federal  standards.   The  primary  standards 
which  exist  for  CO  are  intended  to  protect  the  public  health. 
The  target  date  for  attainment  of  national  primary  and 
secondary  standards  in  Massachusetts  is  December  31,  1987.   The 
primary  CO  standards  set  a  maximum  concentration  of  35  ppm  for 
a  one-hour  period,  and  9  ppm  for  eight  hours,  each  not  to  be 
exceeded  more  than  once  per  year. 

4.5.3   Background  Air  Quality 

Any  microscale  analysis  requires  an  estimate  of 
"background"  air  quality  levels.   Background  levels  reflect  the 
contribution  of  all  sources  in  the  project  area  less  the 
specific  intersections  analyzed.   Currently  the  Massachusetts 
Department  of  Environmental  Quality  Engineering  (DEQE), 
Division  of  Air  Quality  Control  maintains  a  CO  monitoring 
station  along  Essex  Street  in  downtown  Boston.   Based  on  data 
collected  at  this  monitoring  location,  background  levels  of  6.0 
ppm  (1-hour)  and  3.6  ppm  (8-hour)  have  been  recommended*  for 
the  125  Summer  Street  air  quality  analysis. 


*   Personal  Communication,  Mr.  Richard  Mertens,  Boston 
Redevelopment  Authority  (BRA),  October  24,  1986 
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A. 5. 4   Study  Approach 

■  •  The  125  Summer  Street  air  quality  modeling  protocol  was 
developed  in  cooperation  with  the  BRA*  and  is  based  on  EPA  and 
DEQE  approved  modeling  techniques.   The  analysis  calculated 
maximum  one-hour  and  eight-hour  CO  concentrations  at  sensitive 
receptors  located  adjacent  to  five  key  intersections  in  the 
project  area  for  the  following  three  cases: 

Case  No.  Year  Project  Alternative 

1  1986  Existing 

2  1989  Build 

3  1989  No-Build 

For  each  case,  the  EPA  M0BILE3**  and  FHWA  CALINE3*** 
computer  programs  were  used  to  calculate  motor  vehicle 
emissions  and  CO  concentrations  at  intersections.   Emission 
calculations,  which  are  detailed  in  Appendix  C,  used  the 
M0BILE3  national  cold/hot  start  mix  default  values  for  the  peak 
eight-hour  period  while  a  higher  cold  start  mix  was  utilized 
for  the  peak  one-hour  period.   In  addition,  the  analysis 
incorporated  the  effects  of  the  Commonwealth's  statewide 
inspection  and  maintenance  (I&M)  program.   These  emissions  data 
were  used  as  input  to  the  CALINE3  model,  adapted  for 
intersection  analysis,****  to  predict  CO  concentrations. 
CALINE3  modeling  and  assumptions  are  presented  in  Appendix  C. 


*    Personal  Communication,  Mr.  Richard  Mertens,  Boston 

Redevelopment  Authority  (BRA),  September  29  and  October 

2A,  1986 
**    EPA,  User's  Guide  to  M0BILE3:   Mobile  Source  Emissions 

Model,  EPA-460/3-84-002,  Ann  Arbor,  MI,  June  1984. 
***   FHWA,  CALINE3  -  A  Versatile  Dispersion  Model  for 

Predicting  Air  Pollutant  Levels  Near  Highways  and  Arterial 

Streets, ~FHWA/C A/ TL-79/23,  November,  1979. 
****  EPA  Region  I,  Region  I  Mobile  Source  Modeling  Procedures, 

January  1,  1985. 
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Aaditional  analysis  was  performed  to  determine  the  ambient 
air  quality  impacts  of  the  project's  parking  garage  ventilation 
system  and  the  Dewey  Square  Tunnel  ventilation  buildings, 
located  to  the  south  side  of  the  project.   Emission  rates  of 
the  project's  parking  garage  ventilation  system  were  calculated 
using  the  EPA  M0BILE3  computer  program  and  EPA  Indirect  Source 
Guidelines*  worksheet  3.   For  the  Dewey  Square  tunnel  vent 
buildings,  emission  rates  were  determined  using  M0BILE3 
vehicular  emissions  with  ventilation  characteristics  provided 
in  the  Third  Harbor  Tunnel/Central  Artery  Project  Environmental 
Impact  Statement**.   Halitsky's  gas  diffusion  equation  was  used 
to  calculate  CO  impacts  of  the  tunnel  vents  and  garage  vents  at 
the  same  receptors  studied  in  the  intersection  analysis.   This 
methodology  is  also  detailed  in  Appendix  C. 

The  air  quality  analysis  examined  CO  levels  at  the 
following  five  intersections  within  the  study  area: 

o  Atlantic  Avenue/Summer  Street 

o  Congress  Street/Atlantic  Avenue 

0  Essex  Street/Lincoln  Street/Surface  Artery 

o  Kneeland  Avenue/Surface  Artery 

0  South  Street/Surface  Artery 

These  intersections  were  selected  in  cooperation  with  the 
BRA***  and  represent  locations  where  the  project  results  in 
degradation  of  traffic  below  levels  of  service  (LOS)  C.   Peak 
PM  hour  traffic  data  was  selected  for  analysis  of  each 
intersection  except  the  Essex/Lincoln/Surface  Artery 
intersection.   At  this  intersection  the  peak  AM  hour  data  was 
usee  as  all  project-related  traffic  directec  to  the  proposed 
parking  garage  is  required  to  access  this  intersection. 


*    EPA,  Guidelines  for  Air  Quality  Maintenance  Planning  and 

Analysis  Volume  9,  (Revised):   Evaluating  Indirect  Sources, 
Second  Printing,  EPA-A50/4-78-001 ,  Research  Triangle  Park. 

**   FHWA  and  MDPW,  Final  EIS:   Third  Harbor  Tunnel  Interstate 

90/Central  Artery,  Interstate  93,  FHW A-MA-EIS-82-02-F ,  August 
1985  (Appendices) 

***  Personal  Communication,  Mr.  Richard  Mertens,  Boston  Redevelopment 
Authority  (BRA),  September  29  and  October  24,  1986 
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Pedestrian  activity  was  assumed  to  aecrease  roadway  capacities 
during  the  peak  one-hour  by  20  percent  at  the  Essex/Lincoln/ 
Surface  Artery  and  Surface  Artery/South  Street  intersections. 
Reductions  of  30,  19  and  10  percent  were  similarly  used  for 
Atlantic/Summer  Street,  Kneeland/Surf ace  Artery  and  the 
Congress/Atlantic  Avenue  intersections,  respectively. 
For  all  intersections  peak  eight-hour  traffic  volumes  were 
calculated  by  multiplying  peak  one-hour  levels  with  a 
conservative  factor  of  0.82.   This  factor,  relating  peak  eight 
hour  traffic  volumes  to  peak  one-hour  volume,  is  based  on 
traffic  counts  taken  in  the  Dewey  Square  area. 

Since  carbon  monoxide  emissions  are  greatest  at  roadway 
intersections  due  to  vehicle  idling,  acceleration  and 
deceleration,  sensitive  receptors  in  close  proximity  to  "worst 
case"  intersections  were  selected.   The  receptor  locations  were 
chosen  to  be  consistent  with  the  recommendations  in  EPA 
Guidelines*  namely:   1)  where  maximum  carbon  monoxide 
concentrations  are  likely  to  occur  (i.e.,  adjacent  to 
intersection  vehicle  queues),  and  2)  where  the  general  public 
is  likely  to  have  access.   Figures  4.5-1  through  4.5-5  are 
drawn  approximately  to  scale  and  summarize  the  source  - 
receptor  geometry  of  each  intersection  analyzed.   All 
intersections  studied  are  controlled  by  traffic  signals. 

4.5.5   Results 

4.5.5.1   Intersection  Analysis 

The  intersection  analysis  predicted  maximum  one-hour  and 
eight-hour  CO  concentrations  at  sensitive  receptor  locations 
around  five  intersections  using  the  FHWA  CALINE3  computer 
program.   Intersection  impacts  plus  background  levels  are 
summarized  in  Table  4.5-1. 


EPA,  Guidelines  for  Air  Quality  Maintenance  Planning  and 
Analysis  Volume  9,  (Revisea):   Evaluating  Indirect  Sources, 
Second  Printing,  EPA-450/4-78-001 ,  Research  Triangle  Park. 
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TABLE  4.5-1 


INTERSECTION  ANALYSIS:   MAXIMUM  PREDICTED  CO  IMPACTS  (PPM)* 


Receptor 

Exis 

;tinc 

) 

1989 
1  hr 

Build 
8  hr 

1989 

1  hr 

No-Bui] 
8  h 

Ld 

Intersection 

1  hr 

8  hr 

ir 

Atlantic/Summer 

ASl 
AS2 
AS3 
AS4 

34.1 
20.4 
18.7 
28.1 

14. 

10. 

9. 

10, 

,1 
,0 
.1 
.8 

23.7 
16.3 
15.3 
19.8 

10.9 
8.1 
8.1 
8.7 

23.1 
16.3 
15.1 
19.7 

10. 
8. 
7. 
8, 

9 
,1 
,8 
.7 

Congress/Atlantic 

CAl 
CA2 
CA3 
CA4 

22.8 
25.1 
26.1 
23.6 

11. 
11, 
12. 
11, 

,2 
.4 
,2 
.6 

18.1 
20.3 
20.8 
20.2 

9.0 
9.3 
9.9 
9.4 

18.0 
20.0 
20.6 
20.2 

9. 

9, 
9. 
9, 

,0 
.2 
,8 
.3 

Essex/ Lincoln/ 
Surface  Artery 

ELSl 
ELS2 
FIS3 

31.4 
25.4 
24.5 

13. 
11, 
10. 

.1 

,5 

5 

27.1 
23.1 
20.8 

12.6 

10.2 

9.0 

25.5 
21.4 
19.7 

10. 
9, 
8, 

8 
.8 
.6 

Kneeland/Surface 
Artery 

KSl 
KS2 

42.0 
29.8 

16, 
11. 

.4 
,2 

38.1 
27.3 

15.1 
10.9 

37.0 
26.6 

14, 
10. 

.4 

Surface  Artery/ 
South 

SSI 
SS2 
SS3 
SS4 

29.3 
24.6 
27.0 

24.3 

14, 
12. 
13. 
12. 

.4 
,5 
,1 
,1 

23.5 
20.5 
20.9 
19.4 

11.3 
9.9 

10.6 
9.6 

23.2 
20.4 
20.5 
19.0 

11, 
9. 

10, 
9. 

.2 

.9 
.5 
.5 

Background  levels  included: 


6.0  ppm  (1-hour)  and  3.6  ppm  (8-hour), 
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4.5.5.2  Parking  Garage  Analysis 

A  separate  analysis  was  performed  to  determine  carbon 
monoxide  impacts  of  125  Summer  Street's  underground  parking 
garage  ventilation  system.   The  parking  facility  analysis 
predicted  maximum  1-hour  and  8-hour  CO  concentrations  at  the 
receptors  addressed  in  the  intersection  analyses,  for  the  1989 
Build  configuration,  using  Halitsky's  gas  diffusion  equation. 
Carbon  monoxioe  emissions  from  the  parking  garage  ventilation 
system  were  calculated  using  the  EPA  M0BILE3  computer  program 
and  Volume  9  Indirect  Source  Guidelines.   Calculations  are 
detailed  in  Appendix  C.   Table  4.5-2  summarizes  the  impacts  of 
the  parking  garage. 

4.5.5.3  Dewey  Square  Ventilation  Building  Analysis 

Two  ventilation  buildings  for  the  Dewey  Square  Tunnel  are 
located  in  the  vicinity  of  the  125  Summer  Street  project.   One 
building  is  located  directly  adjacent  to  the  project  site  and 
vents  the  southbound  lanes  of  the  Dewey  Square  Tunnel.   The 
second  which  ventilates  the  Tunnel's  northbound  lanes  is 
located  across  of  the  Surface  Artery  near  the  intersection  with 
Essex  Street. 

Carbon  monoxide  impacts  associated  with  these  two 
ventilation  buildings  were  calculated  using  Halitsky's  gas 
diffusion  equation.   Contributions  at  intersection  receptors 
were  examined  for  all  existing  and  future  cases.   Calculations 
are  detailed  in  Appendix  C  and  summarized  in  Table  4.5-3  . 

4.5.5.4  Cumulative  Results 

The  cumulative  results  of  the  microscale  analysis,  which 
include  contributions  from  motor  vehicles  at  each  intersection, 
parking  garage  ventilation  system  impacts,  Dewey  Square  Tunnel 
ventilation  building  impacts  and  background  levels  at  each 
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TABLE  4.5-2 


PARKING  GARAGE  ANALYSIS:   MAXIMUM  PREDICTED  CO  IMPACTS  (PPM) 


Intersection 


Atlantic/Summer 


Congress/Atlantic 


Essex/Lincoln/ 
Surface  Artery 


Kneeland /Surf ace 
Artery 

Surface  Artery/South 


1989 

Build 

Receptor 

1  hr 

8  hr 

ASl 

.07 

.01 

AS2 

.07 

.01 

AS3 

.11 

.01 

AS4 

.07 

.01 

CAl 

.03 

.003 

CA2 

.02 

.003 

CA3 

.02 

.003 

CAA 

.03 

.003 

ELSl 

.33 

.04 

ELS2 

.13 

.02 

ELS3 

.19 

.03 

KSl 

.02 

.003 

KS2 

.02 

.002 

SSI 

.88 

.09 

SS2 

,ee 

.07 

SS3 

.29 

.03 

SS4 

.56 

.06 
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TABLE  4.5-3 


DEWEY  SQUARE  TUNNEL  VENTILATION  BUILDINGS 
MAXIMUM  PREDICTED  IMPACTS  CO  (PPM) 


1986 


1989 


Intersection 

Receptor 

1  hr 

8  hr 

1  hr 

8  hr 

Atlantic/Summer 

ASl 

1.47 

.60 

1.33 

.54 

AS2 

1.26 

.52 

1.14 

.47 

AS3 

1.76 

.73 

1.60 

.66 

ASA 

1.41 

.58 

1.28 

.52 

Congress/Atlantic 

CAl 

.96 

.39 

.86 

.35 

CA2 

.82 

.34 

.74 

.31 

CA3 

.83 

.35 

.75 

.31 

CA4 

.89 

.37 

.80 

.33 

Essex/Lincoln/ 

ELSl 

2.72 

.83 

2.47 

1.01 

Surface  Artery 

ELS2 

2.46 

1.02 

2.22 

.91 

ELS3 

2.46 

1.02 

2.22 

.92 

Kneeland/Surface 

KSl 

.94 

.39 

.85 

.35 

Artery 

KS2 

.79 

.32 

.71 

.29 

Surface  Artery/ 

SSI 

2.78 

1.1-4 

2.51 

1.04 

South 

SS2 

2.60 

1.07 

2.35 

.97 

SS3 

2.90 

1.21 

2.63 

1.08 

SS4 

2.93 

1.21 

2.65 

1.09 
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receptor  are  presentea  in  Table  4.5-4.   These  results  do  not 
characterize  typical  air  pollution  levels  in  the  study  area. 
Rather,  they  represent  the  highest  concentrations  that  could 
exist  during  the  joint  occurrence  of  worst  case  meteorology  and 
peak  traffic.   In  addition,  the  full  CO  contribution  from  the 
parking  garage  and  Dewey  Square  'ventilation  buildings  were 
included  regardless  to  whether  or  not  the  wind  was  directly  in 
line  with  each  receptor. 

In  general,  maximum  impacts  indicate  the  project  is  not 
the  cause  of  an  exceedance  of  the  NAAQS  at  any  receptor 
location  modeled.   Maximum  project  impacts  do  add  to  predicted 
existing  8-hour  violations,  and,  in  the  case  of  Kneeland 
Avenue/Surface  Artery  intersections,  a  1-hour  violation  as 
well.   Project-related  increases,  however,  are  in  most  cases 
less  than  2  ppm  for  peak  one-hour  periods  and  1  ppm  for  peak 
8-hour  periods.   Further  the  results  demonstrate  the  predicted 
future  violations  are  principally  attributed  to  existing 
traffic  volumes  and  flow  patterns  in  the  project  area. 

Carbon  monoxide  impacts  at  each  intersection  are  as 
follows: 

Atlantic  Avenue/Summer  Street: 


The  air  quality  analysis,  at  this  intersection,  did  not 
predict  a  violation  of  the  CO  one-hour  NAAQS  of  35  ppm  for 
either  the  Build  or  No-Build  case.   The  model  produced  a  result 
of  35.6  ppm  (0.6  ppm  above  the  standard)  for  the  existing 
configuration  at  receptor  ASl  at  the  corner  of  South  Station. 
Likewise,  the  highest  eight-hour  level  of  14.7  ppm  was 
predicted  under  the  existing  configuration  at  this  receptor. 
This  concentration  is  5.7  ppm  above  the  eight-hour  CO  standard 
of  9.0  ppm. 

During  future  cases  overall  CO  levels  are  lower  than 
during  existing  cases,  although  exceedances  of  the  eight-hour 
CO  standard  of  9.0   ppm  are  still  projected  at  receptors  ASl  and 
AS4.   In  both  cases,  however,  worst  case  winds  are  from  the 
south/southwest  direction.   Under  these  wind  conditions,  the 
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TABLE 

4.5-4 

CUMULATIVE  MAXIMUM  PREDICTED  CO 

IMPACTS 

(PFM)* 

Intersection 

Receptor 

Existing 
1  hr      8  hr 

1989  Build 
1  hr      8  hr 

1989 
1  hr 

NIo-Build 
8  hr 

NAAQS 
1  hr       ) 

Atlantic/Summer 

ASl 
AS2 
AS3 
ASA 

35.6 
21.7 
20.5 
29.5 

14.7 
10.5 
10.4 
11.4 

25.1 
17.5 
17.0 
21.2 

11.5 
8.6 
8.8 
9.2 

25.0 
17.4 
16.7 
21.0 

11.4 
8.6 
8.5 
9.2 

35.0 
35.0 
35.0 

35.0 

Congress/ Atlantic 

CAl 
CA2 
CA3 
CAA 

23.8 
25.9 
26.9 
24.5 

11.6 
11.7 
12.6 
12.0 

19.0 
21.1 
21.6 
21.0 

9.4 

9.6 

10.2 

9.7 

18.9 
20.7 
21.4 
21.0 

9.4 

9.5 

10.1 

9.6 

35.0 
35.0 
35.0 
35.0 

Essex/Lincoln/ 
Surface  Artery 

ELSl 
ELS2 
ELS3 

34.1 
27.9 
27.0 

13.9 
12.5 
11.5 

29.9 
25.5 
23.2 

13.7 
11.1 
10.0 

28.0 
23.6 
21.9 

11.8 

10.7 

9.5 

35.0 
35.0 
35.0 

Kneeland/Surface 
Artery 

KSl 
KS2 

42.9 
30.6 

16.8 
11.5 

39.0 
28.0 

15.5 
11.2 

37.9 
27.3 

14.8 
10.7 

35.0 
35.0 

Surface  Artery/ 
South 

SSI 
SS2 
SS3 
SS4 

32.1 
27.2 
29.9 
27.2 

15.5 
13.6 
14.3 
13.3 

26.9 
23.5 
23.8 
22.6 

12.4 

10.9 
11.7 
10.8 

25.7 
22.8 
23.1 
21.7 

12.2 

10.9 
11.6 
10.6 

35.0 
35.0 
35.0 
35.0 

8  hr 


Background  levels  included:  6.0   ppm  (1-hour)  and  3.6  ppm  (8-hour) 
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ventilation  buildings  and  project  garage  located  to  the 
northwest  of  this  intersection  would  not  have  an  impact  at 
either  receptor  ASl  or  AS4.   Therefore,  actual  predicted 
eight-hour  levels  for  both  the  build  and  no-build  conditions 
would  be  those  shown  in  Table  4.5-1  (intersection  plus 
background),  10.9  ppm  and  8.7  ppm,  respectively.   Thus  there 
would  be  no  violation  at  receptor  ASA. 

Congress  Street/Atlantic  Avenue; 

Under  the  existing  case  no  violations  of  the  one-hour 
NAAQS  were  predicted  at  this  intersection.   However  for  this 
case,  the  maximum  predicted  eight-hour  results  ranged  from  11.6 
ppm  to  12.6  ppm.   These  results  represent  exceedances  of  the 
8-hour  NAAQS  of  9  ppm.   The  air  quality  analysis  for  1989  shows 
a  general  decrease  from  CO  levels  from  1986,  but  does  predict 
violations  of  the  eight-hour  NAAQS  of  9  ppm  at  all  receptors  in 
both  build  and  no-build  scenarios. 

At  each  of  the  receptors  except  CAl  an  eight  hour  project 
impact  of  0.1  ppm  is  predicted.  CO  levels  in  the  build  case 
exceed  the  9.0  ppm  standard  by  0.6  ppm  at  CA2,  1.2  ppm  at  CA3, 
and  0.7  at  CA4.  At  receptor  CAl,  located  at  the  corner  of  the 
bus  terminal,  the  project  does  not  contribute  to  the  predicted 
maximum  concentration  of  9.4  ppm  (0.4  ppm  above  the  acceptance 
standard) . 

Essex  Street/Lincoln  Street/Surface  Artery: 

In  the  existing  case  no  violations  were  predicted  for  the 
peak  one-hour  periods.   However,  exceedences  of  the  eight-hour 
NAAQS  of  9.0  ppm  are  expected  at  all  three  receptors.   In 
future  cases  both  build  and  no-build  modeling  predict  lower  CO 
levels  from  1986,  with  violations  of  the  eight-hour  CO  standard 
still  occurring  at  all  receptors. 
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Overall,  the  largest  increases  due  to  the  project  are 
predicted  at  this  intersection.   At  receptor  ELSl  located  at 
the  southwest  corner  of  the  project  the  analyses  shows  a  1.9 
ppm  eight-hour  increase  with  construction  of  the  project.   The 
principle  cause  of  this  increase  is  traffic  travelling  to  the 
proposed  parking  garage  entrance  on  Lincoln  Street  in  the  peak 
AM  hour.   At  this  intersection  two  opposing  queues  equally 
contribute  to  the  CO  level:   the  northbound  Lincoln  Street 
queue  and  the  southbound  Surface  Artery  queue. 

Kneeland  Avenue/Surface  Artery: 


In  all  cases  the  air  quality  analysis  predicted  violations 
of  the  1-hour  NAAQS  of  35  ppm  at  receptor  KSl,  located  at  a  bus 
stop  at  the  north  corner  of  the  intersection.   Violations  of 
the  8-hour  NAAQS  of  9.0  ppm  were  predicted  at  both  receptors 
under  all  cases.   Under  existing  conditions  the  analyses 
inaicatea  a  maximum  peak  one-hour  result  of  42.9  ppm  at 
receptor  KSl,  a  7.9  ppm  exceedance  of  the  one-hour  standard. 
Likewise,  the  highest  eight-hour  concentration  was  predicted  at 
receptor  KSl.   Here  a  concentration  of  16.8  ppm  was  calculated 
under  the  existing  case;  this  is  7.8  ppm  above  the  standard. 

In  future  cases  predicted  levels  of  CO  decrease  but  are 
still  in  violation  of  air  quality  standards.   Small  inceases 
due  to  the  project  are  also  expected.   For  the  one-hour  period 
the  project  resulted  in  an  increase  from  37.9  ppm  to  39.0  ppm 
at  receptor  KSl  and  27.3  ppm  to  28.0  ppm  at  KS2.   For  the 
eight-hour  period  increases  of  0.7  ppm  and  0.5  ppm  are 
predicted  at  receptors  KSl  and  KS2  respectively. 

South  Street/Surface  Artery: 


In  all  cases  there  are  no  predicted  violations  of  the 
one-hour  NAAQS  for  CO  of  35  ppm.   There  are,  however,  predicted 
violations  of  the  eight-hour  NAAQS  of  9.0  ppm  at  all  receptors 
for  existing  ana  future  cases.   The  model  shows  a  decrease  of 
CO  levels  for  both  build  and  no-build  scenarios  from  the 
existing  case. 
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There  are  small  increases  in  the  eight-hour  CO  levels  due 
to  the  project.   The  greatest  is  0.3  ppm  at  receptor  SSI 
located  at  the  southeast  corner  of  the  project.   At  this 
receptor  location  the  highest  future  eight-hour  CO  level  (for 
this  intersection)  of  12.5  ppm  was  predicted.   This  level  is 
3.5  ppm  greater  than  the  8-hour  standard  of  the  9.0  ppm  . 

A. 5.6   Mitigation  Measures 

Inspection  Maintenance  Program 

The  Commonwealth's  I&M  program  started  on  April  1,  1983 
and  has  been  assumed  in  the  calcuation  of  motor  vehicle 
emission  rates.   This  program,  which  results  in  the  overall 
reduction  of  yearly  motor  vehicle  emissions,  was  established  to 
ensure  compliance  with  the  NAAQS  as  outlined  in  the 
Massachusetts  State  Implementation  Plan.   The  attainment  and 
maintenance  of  the  NAAQS  for  CO  in  the  future  is  dependent  on 
the  continued  enforcement  of  this  program. 

Traffic  Demand  Reduction  Measures 

Other  traffic  related  mitigation  measures  to  reduce 
vehicle  conflicts  and  delays  should  similarly  improve  existing 
and  future  air  quality.   Such  measures  to  which  the  projects 
proponents  are  directly  committed  include: 

0     Promotion  and  sponsorship  of  various  carpool/vanpool 
organizations  within  the  building  and  area; 

0     Provision  of  an  onsite  location  for  sale  of  MBTA 

passes  and  private  bus  line  tickets.   Provision  of 
bus,  commuter  rail,  commuter  boat  schedules  and 
promotional  and  informational  material  for  all  forms 
of  public  transportation; 
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0  Subsidization  of  MBTA  passes  on  weekly/monthly 
commuter  tickets  for  proponent's  employees  and 
encouraging  tenants  to  do  the  same; 

0     Implementing  staggered  work  hours,  flexible  work 
hours  or  compressed  work  weeks  for  proponents 
employees,  and  encouraging  tenants  to  do  the  same 
during  the  lease  negotiation  process; 

0     Restricting  delivery  vehicles  to  off-peak  hours. 

Complete  plans  for  traffic  demand  reduction  are  detailed  in 
Section  4.4.4  of  the  Transportation  Impacts  Access  Plan. 

Capacity  Enhancement  of  Roadways 

Other  traffic  relateo  changes  which  would  produce  positive 
effects  in  reducing  vehicle  emissions  are  signal  changes  which 
enhance  traffic  movement,  roadway  geometry  changes  which 
increase  roadway  capacities,  and  removal  of  on-street  parking 
which  also  increases  roadway  capacities. 

The  least  complicated  method  for  increasing  capacity  and 
decreasing  carbon  monoxide  levels  at  receptor  locations  is 
changing  the  signal  timings  to  more  appropriately  match  the 
traffic  demand  at  the  intersections. 

By  changing  the  signal  timings  at  the  Kneeland 
Avenue/Surface  Artery  intersection,  one  hour  violations  can  be 
eliminated.   Proposed  timing  changes  are  as  follows: 


Total  Green  Time  (sec) 


Kneeland  Eastbound  (right  turns) 
Kneeland  Eastbound  (unopposed  left) 
Kneeland  Eastbound  (opposed  left) 
Kneeland  Westbound 
Surface  Artery  Southbound 


Present 

Proposed 

74 

69 

10 

10 

36 

20 

36 

20 

42 

58 
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These  signal  changes  result  in  a  decrease  of  the  predicted  high 
CO  level  at  receptor  KSl  from  39.0  ppm  to  30.8  ppm,  and  a 
decrease  at  receptor  KS2  from  28.0  ppm  to  23.4  ppm. 

Similar  changes  in  signal  timing  are  proposed  for  the  8 
hour  case,  lowering  predicted  levels  from  15.5  ppm  at  KSl  to 
11.6  ppm,  and  11.2  ppm  at  KS2  to  9.5   ppm.   In  both  cases 
eight-hour  CO  levels  are  still  above  the  acceptable  standard. 

Signal  timing  changes  were  also  modelled  at  the  other  four 
intersections  studied.   At  these  intersections,  however,  signal 
timings  were  already  adjusted  for  the  optimum  flow,  or  opposing 
traffic  flow  equally  contributed  to  the  level  of  CO  and  by 
decreasing  one  queue  length,  another  one  would  increase  equally 
or  greater.   For  example,  by  aajusting  the  signal  timings  at 
the  Atlantic  Avenue/  Summer  Street  intersection  so  that  the 
green  time  is  proportional  to  volume/capacity  ratio  at  each 
link,  the  predicted  level  at  receptor  ASl  is  decreased  from 
10.9  ppm  to  10.0  ppm.   However,  the  peak  CO  level  at  receptor 
ASA  increases  from  8.7  ppm  to  9.4  ppm,  and  results  in  another 
violation  of  NAAQS.   On  the  basis  of  Boston's  history  of  wind 
directions  in  the  last  five  years,  the  change  is  not 
recommended  as  low  speed  winds  are  more  frequent  from  the 
southeast  (the  direction  at  which  the  mitigation  case  causes  a 
peak  at  receptor  ASA)  than  from  the  southwest  (the  direction 
that  the  non-mitigation  case  causes  a  peak  at  receptor  ASl). 

There  are  a  number  of  traffic  flow  improvement  projects 
presently  being  implemented  or  are  in  the  planning  stages  that 
could  potentially  have  major  benefits  to  air  quality  in  the 
project  site  area.   These  improvements  include: 

o     The  City  of  Boston  Signal  Timing  Optimization  Plan 

o     Dewey  Square  Comprehensive  Transportation  Systems 
Management  (TSM)  Program 
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0     The  Third  Harbor  Tunnel  and  depressed  Central  Artery 

0     A  proposed  people  mover  between  South  Station  and 
the  World  Trade  Center. 

These  programs  are  described  in  more  detail  in  the  following 
sections . 

City  of  Boston  Signal  Timing  Optimization  Plan 

Currently,  the  City  is  in  the  process  of  optimizing, 
through  computer  operated  traffic  flow  monitors,  approximately 
250  signals  in  downtown  Boston.   Completion  of  this  program  is 
expected  by  the  time  125  Summer  Street  is  fully  completed. 
Computer  driven  signal  timings  based  on  demand  should 
significantly  improve  traffic  flow  especially  over  the  peak 
eight-hour  periods  when  most  violations  of  the  CO  NAAQS  occur. 
As  traffic  volumes  at  intersection  approaches  change  over  time, 
the  signal  timings  will  adjust  appropriately.   Thus,  over  an 
eight-hour  period  signal  timings  will  constantly  adjust  to 
maximize  traffic  flow  through  downtown  Boston.   Improvement  of 
traffic  flow  will  reduce  conflicts  and  delays.   Air  quality 
analyses  utilizing  one  set  of  signal  timings  does  not  show  much 
improvement,  if  any,  for  the  eight-hour  traffic  flow,  however 
signal  timings  that  change  as  traffic  demand  changes  at  an 
intersection  should  actually  improve  eight-hour  levels  in  the 
project  area. 

Effect  of  Dewey  Square  TSM 

The  proponent  of  125  Summer  Street  has  committed  to  work 
with  the  City  and  support  implementation  of  its  proposed 
Transportation  Systems  Management  (TSM)  improvement  program  for 
Dewey  Square. 
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Alternative  A  for  the  Dewey  Square  Program  includes  making 
the  Surface  Artery  one-way  southbound  and  making  Essex  Street 
two-way  between  Atlantic  Avenue  and  Kingston  Street.   Improved 
capacity  and  traffic  movement  on  the  Surface  Artery  would 
potentially  decrease  CO  levels  at  the  intersections  of 
Kneelano/  Surface  Artery,  Summer/Surface  Artery  and 
Lincoln/Essex/Surface  Artery.   It  was  at  receptors  adjacent  to 
these  intersections  that  highest  CO  levels  were  generally 
predicted  (see  Table  4.5-4). 

Alternative  B  proposes  further  changes  in  addition  to 
those  proposed  in  Alternative  A.   These  include  making  High 
Street  one-way  northbound  between  Summer  Street  and  Atlantic 
Avenue;  making  Summer  Street  one-way  eastbound  between  Lincoln 
and  High  Street;  eliminating  the  short  eastbound  segment  of 
Summer  Street  between  High  Street  and  Purchase  Street;  and 
closing  South  Street  between  Summer  Street  and  the  Surface 
Artery.   Alternative  B  would  therefore  eliminate  the  project's 
impact  during  the  peak  PM  hour  at  the  Atlantic  Avenue/Summer 
Street  intersection.   These  traffic  impacts  however  would  only 
be  diverted  to  other  intersections. 

Changes  in  the  Atlantic  Avenue/Summer  Street  intersection 
involvea  eliminating  on-street  parking  along  the  northbound  and 
westbouno  approaches  for  travel.   This  would  result  in  an 
increased  capacity  thus  reducing  conflicts.   Making  the 
northbound  curb  lane  of  Atlantic  Avenue  available  for  traffic, 
a  primary  route  for  outgoing  northbound  vehicles  from  the 
project  site,  this  additional  lane  would  provide  increased 
traffic  capacity  at  the  Congress  Street/Atlantic  Avenue 
intersection,  thus  providing  air  quality  benefits  at  receptors 
CAl  through  CA4. 

Preliminary  analyses  of  both  Alternatives  A  ana  B  of  the 
Dewey  Square  TSM  demonstrated  improved  air  quality  at  the 
Atlantic  Avenue  and  Summer  Street,  Surface  Artery  and  Essex 
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street,  and  Kneeland  Street  and  Surface  Artery  intersections*. 
Positive  impacts  will  also  be  seen  at  the  other  two 
intersections  studied  in  this  analysis.   Furthermore,  any 
improvement  of  overall  traffic  flow  in  the  downtown  area  should 
lower  background  levels  of  CO  which  will  in  effect  improve  CO 
levels  at  every  intersection. 

Effects  of  1-90/1-93  Plans 

Further  roadway  improvements  in  Boston,  associated  with 
the  Third  Harbor  Tunnel  and  depressed  Central  Artery  (as 
currently  being  considered)  are  also  expected  to  improve  air 
quality  in  the  project  area.   The  depressed  artery  will  include 
the  diversion  of  northbound  traffic  on  the  artery  around  the 
project  area  (to  the  east)  instead  of  through  downtown 
Boston.**   As  a  result,  northbound  on  and  off-ramps  of  the 
artery  to  Atlantic  Avenue  will  no  longer  exist.   The  diversion 
of  the  Artery  northbound  traffic  through  the  Fort  Point  Channel 
area  should  result  in  improved  traffic  flow  and  air  quality  at 
the  intersection  of  Atlantic  Atlantic  Avenue/Congress  Street 
and  Atlantic  Avenue/Summer  Street. 

Another  major  impact  on  the  study  area  from  the  depressed 
Central  Artery  is  that  the  Surface  Artery  would  be  one-way 
between  Summer  Street  and  Kneeland  Street  thus  providing 
similar  air  quality  benefits  as  the  Dewey  Square  TSM  at  Surface 
Artery  intersections.   This  project  if  approved  is  not  expected 
to  be  completed  for  several  years  following  completion  of  125 
Summer  Street. 


*   "Air  Quality  Analysis  of  the  Dewey  Square  TSM,"  HMM  Document 

No.  83-438,  May  20,  1983. 
**  Presently  funding  for  this  project  is  not  finalized, 

however,  the  potential  of  the  project  is  favorable. 
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South  Station/World  Trade  Center  People  Mover 

A  proposed  people  mover  between  South  Station  and  the  World 
Trade  Center  would  have  positive  impact  on  the  study  area  by 
generally  removing  traffic  from  downtown  streets.   This  proposal 
would  be  expected  to  result  in  air  quality  improvements, 
however,  it  is  still  in  the  early  planning  stages. 

Emissions  Limitations 

Another  mitigating  factor  utilized  in  the  air  quality 
analysis  is  the  effects  of  the  federal  emissions  limits  required 
of  automobile  manufacturers.   The  M0BILE3  computer  program  used 
to  develop  emissions  for  both  the  intersection  and  parking 
garage  analyses  incorporate  these  emissions  limitations.   These 
emission  limits  were  not,  however,  factored  into  background  CO 
levels.   For  the  project  area  motor  vehicle  emissions  (provided 
in  Appendix  C)  are  reduced  by  25  percent  from  1986  to  1989. 
Correspondingly,  traffic  volumes  contributing  to  background  are 
expected  to  grow  approximately  10  percent  during  this  period. 
Factoring  these  elements  into  the  existing  one-  and  eight-hour 
background  levels  of  6.0  ppm  and  3.6  ppm,  translates  to  1989 
levels  of  5.0  ppm  and  3.0  ppm,  respectively.   Utilizing  credits 
of  the  federal  emissions  limits  "across  the  board"  (carried 
through  background  levels  as  well  as  CO  contribution  from  the 
intersection  and  garage  analyses)  will  result  in  future  one-hour 
and  eight-hour  levels  being  reduced  by  1.0  ppm  and  0.6  ppm, 
respectively,  in  Tables  A. 5-1  and  4.5-A. 

4.5.7   Proposed  Building  Effects  on  Pollutant  Dispersion 

Following  construction  of  125  Summer  Street  the  local  wind 
field  will  be  altered  thus  modifying  the  transport  and  diffusion 
of  emissions  in  the  vicinity  of  the  project.   Of  special  concern 
is  the  effect  on  the  emissions  from  the  adjacent  Dewey  Square 
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Ventilation  building.   The  ventilation  building  is  situated 
along  the  south  side  of  the  project  development  site  and  vents 
motor  vehicle  emissions  for  the  Dewey  Square  Tunnel  southbound 
lanes  which  are  located  below  ground  level. 

Wind  tunnel  and  field  experiments  demonstrate  the  potential 
for  a  stagnation  point  about  two-thirds  the  way  up  a  high-rise 
building  on  the  upwind  facade.*   Below  this  point  winds  are 
deflected  to  the  ground  as  upper  level  winds  against  the  upper 
face  of  a  high-rise  building  create  a  downward  pressure 
gradient.   Also,  turbulence  is  generated  on  the  sides  and  roof, 
and  downwind  of  a  cavity  of  recirculating  air  on  the  lee  side  of 
the  building.   The  lee  side  turbulence  becomes  more 
evident  as  an  obstacle  becomes  less  rounded  and  taller.   In 
general,  these  effects  will  enhance  dispersion  as  upper  level 
winds  are  deflected  to  the  ground  and  pass  around  the  building 
elements.   Induced  turbulence  will  also  increase  the  rate  of 
dispersion  on  the  lee  side  of  a  high-rise  building.   Immediately 
adjacent  to  the  lee  side  of  the  building,  in  the  cavity  of 
recirculating  air,  pollutants  are  well  mixed  such  that  levels 
are  generally  more  uniform  in  this  region. 

Many  of  these  physical  characteristics  described  above  were 
found  in  the  125  Summer  Street  flow  visualization  study  which 
demonstrated,  for  most  wind  directions,  that  the  effect  of  the 
project  was  to  enhance  mixing  of  pollutants  emitted  from  the 
ventilation  building.   The  smoke  tracer  studies  of  the  proposed 
project  provided  the  following  information  by  wind  direction: 

North,  Northwest  and  West  Winds 

For  winds  from  the  northwesterly  quadrant  the  ventilation 
building  is  located  in  the  cavity  region  of  recirculating  air  on 
the  lee  side  of  the  125  Summer  Street  building.   The  smoke 


*   Hanna,  Steven  R.,  Gary  A.  Briggs,  Rayford  P.  Hosker,  Jr., 
Handbook  on  Atmospheric  Diffusion,  Technical  Information 
Center,  U.S.  Dept.  of  Lnergy,  1752,  pp.  19. 


1196/4129h 


4.5-26 


tracer  studies  indicated  that  under  the  no-build  configuration, 
air  flow  over  the  top  of  the  ventilation  building  will  cause 
pollutants  to  "swirl"  toward  ground  level  in  its  own  wake. 
Following  construction  of  125  Summer  Street  the  smoke  tracer 
study  demonstrated  that  pollutants  emitted  from  the  ventilation 
building  will  be  drawn  up  the  lee  side  of  the  proposed  building 
and  away  from  street  level.   Therefore,  the  project  should 
enhance  the  mixing  of  pollutants  from  the  ventilation  building. 

East,  Northeast  Winds 

For  east  and  northeast  wind  directions  air  flow  patterns 
around  the  ventilation  building  under  the  no-build  configuration 
are  such  that  pollutants  emitted  from  the  vents  are  directed  to 
the  west  along  the  Surface  Artery.   Downwash  effects  of  the 
ventilation  building  and  other  nearby  buildings  were  noted. 
Under  the  build  configuration  initial  pollutant  dispersion 
appeared  similar  to  that  of  the  no-build  configuration. 
However,  as  the  air  stream  approached  the  southwest  corner  of 
the  project,  the  air  flow  was  drawn  around  this  corner  and 
vertically  up  the  lee  side  of  the  building  along  Lincoln 
Street.   The  project  in  this  case,  again,  appeared  to  enhance 
pollutant  dispersion. 

Southeast  Winds 

For  southeast  winds,  the  smoke  tracer  study  indicated, 
under  the  no-build  configuration,  the  general  air  flow  pattern 
around  the  ventilation  building  to  be  up  and  over  the  existing 
on-site  buildings.   Some  turbulence  due  to  building  wake  effects 
was  noted.   Construction  of  the  project  generally  inhibits  flow 
directly  to  the  northwest,  causing  pollutants  emitted  from  the 
ventilation  building  to  be  forced  around  the  southwest  corner  of 
the  project.   Once  around  this  corner  the  air  flow  is  drawn 
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vertically  upward  on  the  west  side  of  the  proposed  building  and 
away  from  ground  level  in  the  lee  side  cavity  region.   Thus  the 
project,  for  southeast  winds,  is  expected  to  enhance  dilution  of 
polluted  emissions  from  the  ventilation  building. 

South  Winds 

Under  the  no-build  configuration  the  air  flow  patterns 
associated  with  southerly  winds  around  the  ventilation  building 
were  similar  to  those  observed  for  southeast  winds.   The  general 
pattern  was  up  and  over  existing  project  site  buildings  and 
toward  the  north.   Under  the  build  configuration,  the  air  stream 
is  drawn  toward  ground  level  at  the  southeast  corner  of  the 
project  site,  potentially  causing  some  increase  in  pollutant 
levels.   One  beneficial  factor,  however,  is  that  observed  small 
wind  increases  at  this  corner  would  have  the  tendency  to  dilute 
pollutant  concentrations. 

Southwest  Winds 

Under  existing  conditions,  winds  from  the  southwest  cause 
pollutants  emitted  from  the  project  site  ventilation  building  to 
be  driven  northeast  along  the  Surface  Artery.   Due  to  the 
domineering  effects  of  the  100  Summer  Street  building,  a  portion 
of  the  air  stream  is  drawn  back  into  the  wake  of  this  building. 
For  the  build  configuration,  observations  of  the  smoke  tracers 
indicated,  as  for  southerly  winds,  the  project  causes  the  air 
flow  from  over  the  ventilation  building  to  be  drawn  towarc 
ground  level  ana  around  the  southeast  corner  of  the  project. 
Once  around  this  corner  pollutants  are  mixed  well  on  the  lee 
sioe  of  the  project. 

Overall,  smoke  tracer  results  indicate  the  project 
generally  enhances  mixing  of  pollutants  emitted  from  the 
ventilation  building  by  drawing  them  upward  in  its  wake  or 
cavity  region.   The  only  potential  trouble  spot  appears  at  the 
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southeast  corner  of  the  project  site  when  winds  are  from  the 
south  and  southwest.   Under  these  wind  conditions,  pollutants 
appear  to  be  drawn  down  toward  ground  level  at  this  corner 
location. 

4.5.8   Construction  Related  Impacts 

During  the  construction  period  of  125  Summer  Street, 
short-term  adverse  effects  on  air  quality  adjacent  to  the 
construction  site  and  along  major  access  routes  may  occur. 
Impacts  associated  with  land  clearing,  ground  excavation,  cut 
and  fill  operations,  and  construction  activities  may  generate 
fugitive  dust,  which  results  in  localized  increase  in  Total 
Suspended  Particulate  (TSP)  levels. 

The  major  dust  emitting  activities  will  occur  during  the 
construction  activities  involving  excavation  and  foundation 
work.   Principal  on-site  sources  of  particulate  matter  include 
the  excavation  process  and  exposed  aggregate  storage  piles.   For 
each  source  type,  emissions  will  depend  on  such  factors  as  the 
properties  of  emitting  surfaces  (e.g.,  soil  silt  content, 
moisture  content  and  volume  of  spoils),  meteorological  variables 
and  the  construction  practices  employed.   It  is  anticipated  that 
emissions  from  aggregate  storage  piles  will  be  minimal  as  the 
project  site  is  small  thus  limiting  its  storage  capacity. 

Exposed  piles  of  earth  removed  in  the  process  of 
excavation,  or  aggregate  piles  of  construction  material  dumped 
at  the  site,  are  potential  dust  emitters  during  mechanical 
disturbance  and  transfer  operations,  as  well  as  during  high 
winds.   In  either  case,  the  bulk  of  the  dust  is  emitted  shortly 
after  the  initial  loading  of  a  freshly  processed  aggregate 
because  it  is  during  this  period  that  the  fine  particles  are 
most  easily  dislodged.   Any  subsequent  rainfall  moistens  the 
interior  of  the  pile  and  the  moisture  is  released  very  slowly. 
Thus,  the  emissions  from  storage  piles  depend  primarily  on  the 
regional  precipitation/evaporation  (PE)  index.   The  PE  index  is 
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a  measure  of  the  precipitation  to  evaporation  ratio  and  in  the 
contiguous  United  States  ranges  from  an  approximate  low  of  10  in 
the  arid  southwest  to  approximately  170  in  the  upper  northeast. 
In  the  Boston  area,  the  PE  index  is  132,  well  above  the  average 
for  the  U.S.  as  a  whole. 

The  EPA  document  AP-42*  provides  an  emission  factor  of  1.2 
tons  of  TSP  emitted  per  acre  of  construction  per  month  for  heavy 
construction  operations.   This  value  is  based  on  field 
measurements  and  applies  to  a  typical  area  having  a  PE  index  of 
50.   Indications  are  that  heavy  construction  operations  are 
proportional  to  silt  content  of  the  soil,  and  inversely 
proportional  to  the  square  of  the  PE  Index.   A  value  of  0.17 
tons  per  acre  of  construction  per  month  was  developed  for  Boston 
utilizing  a  PE  inoex  of  132  instead  of  50. 

Applying  this  factor  to  the  0.67-acre  project  site  provides 
an  estimated  potential  for  2.7  tons  (about  24  months  of 
construction)  of  fugitive  dust  generateo  from  construction 
activities. 

(0.67  acres  x  0.17  tons  per  acre  per  month  x  24  months). 

The  construction  contract  will  provide  for  a  number  of 
strictly  enforced  measures  to  be  utilized  by  contractors  to 
reduce  potential  fugitive  dust  emissions  and  minimize  impacts. 
These  include: 


0     The  use  of  wetting  agents  on  areas  of  exposed  soil  on 

a  scheduled  basis. 
0     Use  of  covered  trucks. 

0     Storage  of  very  few  spoils  on  the  construction  site. 
0     Monitoring  of  actual  construction  practices  to  ensure 

that  unnecessary  transfers  and  mechanical 

disturbances  of  loose  materials  are  minimized. 
0     Locating  aggregate  storage  piles  away  from  areas 

having  the  greatest  pedestrian  activity. 


EPA,  Compilation  of  Air  Pollutation  Emission  Factors, 
AP-42,  RTP,  NO,  May,  1983,  Section  11.2.4. 
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A. 6   NOISE  IMPACTS 

The  U.S.  Environmental  Protection  Agency  (EPA)  published 
an  analytic  noise  model  entitled  "Noise  from  Construction 
Equipment  and  Operations,  Building  Equipment,  and  Home 
Appliances"  (U.S.  Environmental  Protection  Agency,  NTID  300.1, 
December  1971).   The  document  estimates  the  level  of  exposure 
to  construction  noise,  and  is  the  basis  for  assessing  the 
possible  construction  noise  impacts  associated  with  the  125 
Summer  Street  Office  Building. 

In  discussing  noise  levels,  the  common  A-weighted  decibel 
(dBA)  was  used  for  this  study,  since  A-weighting  refers  to  a 
standard  frequency  weighting  which  most  accurately  approximates 
human  hearing  and  therefore  allows  correlation  with  annoyance 
levels,  the  major  consequence  of  exposure  to  construction  noise, 

A  number  of  different  types  of  equipment  are  required 
during  the  construction  process.   Typical  noise  level  ranges  of 
construction  equipment  are  outlined  on  Figure  4.6.1.   The 
construction  process  can  be  separated  into  five  distinct 
stages,  each  of  which  has  its  own  mix  of  equipment  and 
consequently  its  own  noise  characteristics.   These  stages  are: 

1)  Clearing,  demolition,  or  site  preparation, 

2)  Excavation, 

3)  Foundation  placement, 

4)  Frame  erection,  including  floors,  roof  and  windows 

5)  Finishing  and  clean-up. 

The  EPA  model  has  combined  the  types  of  equipment  and 
usage  factor  for  each  construction  stage  to  calculate  an 
estimate  of  the  average  noise  level  at  50  feet  from  the  site's 
center  during  each  stage.   These  average  noise  levels  are 
presented  in  Table  4.6.1.   Average  noise  levels  are  highest 
during  excavation  and  clean-up  assuming  that  all  pertinent 
equipment  is  being  utilized.   The  levels  presented  in  Table  1 
are  average  levels;  at  times  noise  levels  will  be  higher  and  at 
other  times  lower.   The  average  noise  levels  presented  in  this 
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FIGURE  4.6.1   TYPICAL  CONSTRUCTION  EQUIPMENT  NOISE  RANGES 
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TABLE  4.6.1 
AVERAGE  NOISE  LEVELS  AT  CONSTRUCTION  SITES* 


Construction 
Stage 


Construction  Noise  (dBA)  ©  50  Feet 


II 


Clearing /Demolition 

Excavation 

Foundations 

Erection 

Finishing 


84 
89 
78 
85 
89 


84 

19 
78 
76 
76 


I  -  All  pertinent  equipment  present  at  site. 
II  -  Minimum  required  equipment  present  at  site, 


From  "Noise  from  Construction  Equipment  and  Operations, 
Building  Equipment,  and  Home  Appliances,"  U.S. 
Environmental  Protection  Agency,  NTID  300.1,  December 
1971. 


1196/0915C 


4.6-3 


table  can  be  assumed  to  correlate  reasonably  with  the  L 

'  eq' 

which  corresponds  to  the  equivalent  sound  level  of  all  the 
time-varying  sound  levels,  and  is  a  good  indicator  of  the 
effect  of  noise  and  people. 

The  EPA  report  also  states  that  construction  noise  can  be 
assumed  to  attenuate  for  a  variety  of  reasons.   For  every 
doubling  of  distance  a  6  dB  reduction  in  noise  is  achieved. 
Furthermore,  persons  inside  buildings  will  experience  an 
additional  10*  to  20  dB  of  reduction  in  noise  depending  on 
whether  their  windows  are  open  or  closed.   For  people  inside 
cars  with  windows  closed  there  is  an  attenuation  of  about  15  dB, 

Two  classes  of  people  receive  exposure  to  construction 
noise:   1)  persons  who  live  and  work  in  the  surrounding  area 
and  2)  drivers  and  pedestrians  in  the  project  area.   The 
proposed  125  Summer  Street  Building  project  is  in  an  area 
dominated  by  office  buildings  and  commercial  establishments. 
It  is  a  very  busy  downtown  business  district  with  motor  vehicle 
and  pedestrian  activity  being  the  major  contributor  to  local 
noise  levels.   Noise  levels  surrounding  the  site  have  been 
estimated  to  be  in  the  area  of  about  75  dBA  during  periods  of 
peak  traffic  volumes.** 

There  are  two  open  areas  in  the  vicinity  of  the  site;  one 
is  on  the  northern  side  of  Summer  Street,  between  Atlantic 
Avenue  and  Purchase  Street.   This  is  a  paved  open  and 
landscaped  area  with  concrete  benches.   The  other  is  directly 
across  from  the  project  site  on  the  northern  side  of  Summer 
Street.   This  is  a  small  concrete  bench  area  by  the  Blue 
Cross/Blue  Shield  Building.   The  two  bench  areas,  which  may  be 
used  for  relaxation  by  persons  employed  in  the  area,  are  the 
most  noise  sensitive  locations  surrounding  the  project  site. 


*  Assumed  based  on  field  data  collected  by  HMM  in  1985. 
••*  From  "Traffic  Noise  Analysis  for  the  Dewey  Square 

Transportation  Systems  Management  Program",  HMM  Associates, 

March  1984. 
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During  construction  of  the  125  Summer  Street  Building,  persons 
at  the  bench  area  immediately  across  from  the  project  will 
experience  construction  noise  levels  ranging  from  about  68  dBA 
to  19   dBA,  depending  on  the  stage  of  construction.   These 
levels  assume  that  the  maximum  number  of  pertinent  equipment  is 
present  at  the  site.   If  instead  only  the  minimum  required 
equipment  is  present,  noise  levels  during  the  noisiest  stage  of 
construction  may  be  reduced  by  3  dBA  to  about  7A  dBA.   Persons 
at  the  bench  area  between  Atlantic  Avenue  and  Purchase  Street 
are  at  a  greater  distance  from  the  project  site,  and  would 
experience  noise  levels  between  60  dBA  and  73  dBA  depending  on 
the  amount  of  equipment  used  during  each  construction  phase. 
The  highest  noise  levels  (71  dBA  to  84  dBA)  during  construction 
activities  would  be  realized  by  pedestrians  walking  immediately 
across  from  the  site  on  Lincoln  Street  by  the  Surface  Artery, 
although  this  level  of  noise  exposure  would  be  only  temporary. 
It  must  be  pointed  out  that  the  noise  exposure  levels  for 
pedestrians  depends  on  their  position  relative  to  the 
construction  activity  and  that  the  levels  presented  in  this 
study  represent  the  worst  case,  in  other  words,  the  point  at 
which  the  pedestrian  is  closest  to  the  site.   On  the  other 
hand,  workers  inside  buildings  along  Lincoln  Street  and  Summer 
Street  should  not  be  impacted,  being  exposed  to  considerable 
less  construction  noise  due  to  the  increased  attenuation 
achieved  with  the  building's  walls. 

The  city  of  Boston  has  noise  regulations  for  construction 
activity  stating  the  maximum  allowable  noise  levels  at  the  lot 
line  to  various  land  uses.   These  regulations  are  summarized  on 
Table  4.6.2.   The  maximum  noise  level  that  may  be  exceeded  10% 
of  the  time  is  80  dBA  at  the  affected  property  line  in  an  area 
such  as  125  Summer  Street.   It  must  be  noted  that  the  City's 
noise  restriction  levels  do  not  include  impact  devices,  which 
can  be  the  noisiest  equipment  used  at  a  construction  site. 

Pedestrians  adjacent  to  the  construction  area  may 
experience  annoying  noise  levels  as  they  pass  the  site,  which 
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TABLE  4.6.2 

CITY  OF  BOSTON 

SUMMARY  OF  RESTRICTION  ON  CONSTRUCTION  SITE  NOISE^ 


lAXIMUM  LEVELS 


Land  Use  of 
Affected  Property 


Maximum  Noise  Level  Value 
Measured  at  Lot  Line  of  Affected 
Property  (dBA) 


10 


Maximum  Noise 
Level 


Residential  or 
Institutional 


75 


85 


Business  or 
Recreational 


80 


Industrial 


85 


(To  be  evaluated  at  distances  not  closer  than  50  feet  from 
nearest  active  construction  device,  using  slow  response  of 
sound  level  meter.) 


3. A  Maximum  levels  under  3.1  do  not  apply  to  impact  devices 
(pile  drivers,  paving  breakers,  riveters,  etc.) 


City  of  Boston  Air  Pollution  Control  Commission, 
"Regulations  for  the  Control  of  Noise  in  the  City  of 
Boston."   Regulation  3,  effective  January  1,  1976. 
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would  be  gradually  reduced  as  they  walk  away  from  the  site. 
Persons  resting  on  the  concrete  benches  across  from  the  site 
would  also  experience  high  noise  levels,  although  not 
considerably  higher  than  the  75  dBA  that  already  exists  in  the 
area.   The  noisy  urban  environment  that  presently  exists  in  the 
project  area  would,  at  least  in  part,  mask  the  temporary 
increased  noise  levels  during  construction  at  the  site. 
Persons  inside  buildings  should  not  be  significantly  affected 
by  construction  activities  at  all. 

There  are  a  number  of  measures  which  could  be  taken  to 
mitigate  noise  at  the  125  Summer  Street  construction  site, 
including: 

o     Use  of  appropriate  mufflers. 

o     Installing  enclosures  around  the  work  area  where 
stationary  equipment  is  being  used. 

o     Replacement  of  individual  operations  and  techniques 
by  less  noisy  ones  -  e.g.,  using  welding  instead  of 
riveting  and  mixing  concrete  offsite  instead  of 
onsite. 

0     Selecting  the  quietest  of  alternate  items  of 

equipment  -  e.g.,  electric  instead  of  diesel-powered 
equipment,  hydraulic  tools  instead  of  pneumatic 
impact  tools. 

0     Scheduling  of  equipment  operations  to  keep  average 
levels  low,  to  have  noisiest  operations  coincide 
with  times  of  highest  ambient  levels,  and  to  keep 
noise  levels  relatively  uniform  in  time. 

o     Turning  off  idling  equipment. 

o     Keeping  noisy  equipment  as  far  as  possible  from  site 
boundaries . 
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With  the  use  of  appropriate  mitigative  measures  at  the 
work  site,  a  reduction  in  construction  noise  levels  of  5  to  10 
dBA  can  be  achieved. 
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4.7   HISTORIC  QUALITY  IMPACTS 
4.7.1   Project  Area 

The  project  area  consists  of  nine  commercial  buildings  at 
the  north  end  of  an  irregularly  shaped  block  bounded  by  Summer 
Street  (north),  South  Street  (east),  Lincoln  Street  (west),  and 
a  surface  road  above  the  Southeast  Expressway  (south).   Prior  to 
construction  of  the  Southeast  Expressway,  the  project  area  was 
part  of  a  larger  block  of  row  buildings  that  extended  without 
interruption  southward  to  Essex  Street.   Buildings  that 
currently  stand  within  the  project  area  are: 

115-117  Summer  Street  -  (1873),  Alexander  Esty,  architect; 
storefronts  1939  and  1956)  -  a  five-story  Victorian  Gothic 
style  commercial  building  faced  with  sandstone  on  its  two 
exposed  elevations; 

119-121  Summer  Street  -  (1873-1875;  storefront  rebuilt  ca. 
1910  and  1962)  -  a  five-story  Second  Empire  style 
commercial  building  with  added  cast-iron  facings  at  the 
first  two  stories  (ca.  1910),  original  marble  facings  at 
the  third  and  fourth  stories  and  galvanized  sheet  metal  at 
the  mansard; 

123-129  Summer  Street  -  (structure  built  1873;  upper  floors 
removed  and  facade  rebuilt  1940)  -  a  two-story  commercial 
building  faced  with  terrazzo  panels. 

131-135  Summer  Street  -  (1873-1877;  storefronts  1944  and 
ca.  1970)  -  a  four-story  commercial  building  with  a 
marble-faced  Italianate/Second  Empire  style  facade; 
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137-139  Summer  Street  -  (1873-1877),  attributed  to  Ware  & 
Van  Brunt,  architects;  storefront  1923  and  ca.  1970)  -  a 
five-story  commercial  building  with  two  Second  Empire  style 
elevations  faced  with  red  brick  and  rock-faced  granite; 

16-18  Lincoln  Street  -  (ca.  1880-1890)  -  a  five-story 
commercial  building  with  a  face  of  cast  iron  and  galvanized 
sheet  metal;  this  structure  serves  as  a  rear  wing  to 
119-121  Summer  Street  to  which  it  is  connected: 

20  Lincoln  Street  -  (1915)  -  a  five-story  commercial 
building  with  a  narrow  two-bay  facade  constructed  of  red 
brick  and  terracotta  with  Renaissance  Revival  style  details; 

22-34  Lincoln  Street  -  (1885,  George  Pope,  architect; 
storefronts  altered  1943)  -  a  five-story  commercial 
building  divided  into  two  units  by  an  interior  party  wall; 
the  facade  is  faced  with  buff  sandstone  bearing  simple 
Victorian  Gothic  style  ornamental  details. 

15-17  South  Street  -  (ca.  1880-1900?;  facade  rebuilt  ca. 
1922  and  ca.  1970)  -  a  five-story  commercial  building  the 
facade  of  which  has  been  re-faced  with  buff  brick  and 
limestone  trimmings  during  the  early  twentieth  century  and 
with  terracotta  at  the  first  two  stories  during  the 
mid-twentieth  century.   This  building  stands  outside  the 
boundaries  of  the  proposed  Commercial  Palace  District  from 
which  it  was  excluded  for  a  lack  of  architectural  integrity 
and  historical  associations. 

All  buildings  within  the  project  area  have  been  surveyed  by 
the  Boston  Landmarks  Commission  as  part  of  its  Central  Business 
District  Preservation  Study.   None  has  been  classified  as  either 
Category  I  (Highest  Significance)  or  Category  II  (Major 
Significance).   Buildings  at  115-117,  131-135,  and  137-139 
Summer  Street  are  noted  as  Category  III  (Significant)  buildings. 
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Of  the  nine  buildings  all  but  123-129  Summer  Street  and  15-17 
South  Street  (which  stands  outside  the  district)  are  designated 
as  contributing  structures  with  the  National  Register  although 
none  is  individually  eligible  for  National  Register  listing  (see 
Commercial  Palace  District,  #7  below). 

A. 7.2   Environs  of  Project  Area 

Historically,  the  project  area  stands  at  the  eastern  edge 
of  Boston's  commercial  (retail  district)  near  wholesaling  and 
warehousing  districts.   The  visual  and  physical  continuity  of 
the  site  with  surrounding  districts  has  been  largely  disrupted 
by  modern  intrusions.   South  and  east  of  the  project  area 
historic  street  patterns  have  been  disconnected  by  the 
Expressway  and  its  ramps  which  also  brought  about  the  demolition 
of  numerous  blocks  of  commercial  buildings  and  warehouses. 
North  and  east  of  the  site,  the  historical  context  of  the 
Commercial  District  has  been  largely  eliminated  by  the 
replacement  of  nineteenth-century  row  buildings  with  modern 
high-rise  office  buildings  (Fiduciary  Trust  Building  on  High 
Street,  Blue  Cross  Building  at  100  Summer  Street  and  the  Dewey 
Square  Office  Building).   West  of  the  project  area, 
nineteenth-century  street  patterns  remain  in  position  as  do  a 
number  of  nineteenth  and  early  twentieth-century  commercial 
buildings  interspersed  with  grade-level  parking  lots  and  one 
multi-story  parking  garage. 

Within  sight  of  the  project  area,  the  six  properties  and 
two  districts  are  either  listed  in  the  National  Register  of 
Historic  Places,  eligible  for  listing  in  the  National  Register 
or  have  been  designated  city  landmarks  by  the  Boston  Landmarks 
Commission : 
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1)  South  Station  Headhouse  (corner  Atlantic  Avenue  and 
Summer  Streets  -  National  Register)  -  Built  in 
1896-1899  and  altered  by  the  removal  of  its  flanking 
wings  during  the  1970s,  South  Station  derives 
historical  significance  from  its  well-executed 
Classical  Revival  style  design  (Shepley,  Rutan  4 
Coolidge,  architects;  Norcross  Brothers,  builders), 
its  historical  associations  with  the  development  of 
passenger  train  lines  and  several  innovations  in  the 
planning  of  railroad  terminals.   The  scale  of  the 
building  as  well  as  changes  in  the  surrounding  area 
leave  it  as  a  free-standing  monument  that  is  visible 
but  separated  from  the  project  area  by  a  high-rise 
office  building  (Dewey  Square  Tower)  and  the 
Southeast  Expressway. 

2)  Russia  Wharf  Buildings  (518-540  Atlantic  Avenue  and 
270-290  Congress  Street  -  National  Register)  -  Built 
in  1897-1898  and  designed  by  different  architects  for 
the  same  owner,  the  Russia  Wharf  Buildings  consist  of 
three  seven-story  structures  that  derive  historical 
significance  from  their  Classical  Revival  style 
architecture  and  their  associations  with  the 
continuous  commercial  use  of  the  Russia  Wharf  from 
the  eighteenth  century.   Separated  from  the  project 
area  by  the  Southeast  Expressway  and  the  high-rise 
Federal  Reserve  Bank  Building,  the  Russia  Wharf  is 
only  partially  visible  from  the  project  area. 

3)  United  Shoe  Machinery  Building  (lAO  Federal  Street  - 
Boston  City  Landmark  and  National  Register)  -  Built 
in  1929  as  one  of  the  city's  largest  skyscrapers  from 
plans  by  Parker,  Thomas  &  Rice,  the  United  Shoe 
Machinery  Building  is  significant  both  for  its 
historical  associations  with  Massachusett ' s  extensive 
shoe  industry  ana  for  its  elaborate  Art  Deco  design, 
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ziggurat  massing  and  well-preserved  architectural 
detail.   The  building  is  oliquely  visible  from  the 
project  area  from  which  it  is  saparated  by  several 
high-rise  office  buildings  (Fiduciary  Trust  Building 
and  155-163  Federal  Street). 

4)  Church  Green  Building  (101-113  Summer  Street  -  Boston 
City  Landmark;  eligible  for  National  Register  listing 
within  the  Commercial  Palace  District  [see  #7  below]) 

-  Built  immediately  after  the  Great  Fire  of  1872,  the 
Church  Green  Building  contains  two  five-story 
structures  that  occupy  a  trapezoidal  lot.   The 
building's  Second  Empire  style  designs  are  associated 
with  locally  prominent  architects  and  are  character- 
istic of  buildings  constructed  in  the  Commercial 
Palace  District  in  1873-1874.   The  Church  Green 
Building  faces  the  northwest  corner  of  the  project 
area. 

5)  Bedford  Building  (89-103  Bedford  Street  -  National 
Register)  -  Built  in  1874  and  designed  by  Cummings  & 
Sears,  the  Bedford  Building  is  signifcant  primarily 
for  its  elaborate  Victorian  Gothic  design  and  its 
polychromatic  stonework.   Although  built  to  the  same 
five-story  height  as  neighboring  buildings  in  the 
Commercial  Palace  District,  the  Bedford  Building 
stands  apart  from  its  neighbors  in  the  individuality 
of  its  design.   The  Bedford  Building  faces  the  west 
side  of  the  project  area. 

6)  Proctor  Building  (100-106  Bedford  Street  -  Boston 
City  Landmark;  eligible  for  National  Register  listing 
within  the  Commercial  Palace  District  [see  #7  below]) 

-  Built  in  1897  and  designed  by  Winslow  4  Wetherell, 
the  Proctor  Building  is  an  elaborately  decorated 
example  of  Spanish  Renaissance  Revival  architecture. 
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Of  smaller  scale  and  more  modern  materials 
(terracotta)  than  surrounding  commercial  buildings, 
the  Proctor  Building's  major  significance  is  derived 
from  its  design  and  well-preserved  details.   The 
building  is  obliquely  visible  from  the  project  area 
from  which  it  is  separated  by  row  buildings  and  a 
high-rise  office  building  (99  Summer  Street)  that  is 
now  under  construction. 

7)  Commercial  Palace  District  (addresses  on  Bedford, 
Chauncy,  Devonshire,  Franklin,  Hawley,  Lincoln  and 
Summer  Streets  -  determined  eligible  for  National 
Register  listing)  -  The  Commercial  Palace  District  is 
an  irregularly  shaped  area  that  contains  60 
commercial  buildings  constructed  shortly  after  the 
Great  Fire  of  1872  destroyed  a  large  portion  of 
Boston's  business  district.   In  the  reconstruction 
that  followed  the  fire,  the  majority  of  the  district 
was  developed • with  masonry  row  buildings  constructed 
to  five-  and  six-story  heights  with  mansard  roofs. 
Ornamentation  was  limited  to  facades  that  were 
frequently  faced  with  sandstone,  marble  or  granite  in 
a  variety  of  mid-Victorian  architectural  styles.   The 
project  area  stands  within  the  boundaries  of  the 
Commercial  Palace  District,  at  the  district's  extreme 
southeast  end. 

8)  Leather  District  (addresses  on  Atlantic  Avenue, 
Beach,  East,  Essex,  Kneeland,  Lincoln,  South,  Tufts 
and  Utica  Streets  -  National  Register)  -  The  Leather 
District  occupies  a  grid  of  streets  that  is  separated 
from  the  rest  of  the  city's  commercial  district  by 
the  Southeast  Expressway  (west  and  north),  railroad 
sidings  (east)  and  undeveloped  land  with  highway 
ramps  (south).   The  district  is  significant  both  for 
its  associations  with  Boston's  large  shoe 
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manufacturing  and  leather  wholesaling  industries  and 
for  the  high  architectural  quality  of  its  masonry  row 
buildings,  the  majority  of  which  were  constructed  in 
the  1880s  and  1890s.   The  Leather  District  is  visible 
from  the  south  side  of  the  project  area. 

4.7.3   Impact  of  Project 


1) 


Primary  Impact 


The  primary  impact  of  the  project  will  occur  within 
the  block  that  constitutes  the  project  area  where  selective 
demolition  and  new  construction  will  take  place.   The 
following  actions  are  proposed: 

o     Five  structures  will  be  demolished.   Of  these,  two 
(15-17  South  Street  and  123-129  Summer  Street) 
possess  no  historical  significance  either 
individually  or  within  the  context  of  the  proposed 
Commercial  Palace  District.   The  three  other 
structures  proposed  for  demolition  (16-18,  20  and 
22-34  Lincoln  Street)  are  designated  as  minor 
contributing  buildings  to  the  Commercial  Palace 
district;  none  is  individually  eligible  for  National 
Register  listing  or  designation  as  a  city  landmark. 

o     Four  structures  will  be  retained  and  incorporated 
into  new  construction  on  the  site.   These  four 
buildings  include  115-117,  119-121,  131-135,  and 
137-139  Summer  Street  of  which  all  but  119-121  Summer 
Street  are  designated  as  Buildings  of  Significance  to 
the  City  within  the  proposed  Commercial  Palace 
District.   In  order  to  incorporate  these  buildings 
into  new  construction,  their  rear  elevations  and  wood 
floor  framings  will  be  removed;  facades  and  mansard 
roofs  will  be  retained. 
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Various  aspects  of  the  project  have  been  planned  to 
mitigate  the  effect  of  new  construction  on  historic 
resources  within  the  project  area;  these  are: 

0     The  project  area's  four  most  historically  significant 
buildings  will  be  retained.   These  buildings  form  the 
property's  Summer  Street  frontage  and  include  corner 
buildings  with  finished  elevations  that  wrap  around 
the  site  to  South  and  Lincoln  Street. 

o     The  four  buildings  to  be  retained  will  undergo  the 

restoration  of  their  facades;  to  the  extent  possible, 
restoration  will  seek  to  restore  the  original  appear- 
ance of  each  building  based  on  documentary  evidence. 
In  cases  such  as  119-121  Summer  Street  where  major 
portions  of  the  original  facade  were  removed  and 
substantially  rebuilt  in  the  early  twentieth  century, 
restoration  shall  seek  to  restore  the  building  to  its 
early  twentieth-century  appearance. 

o     Demolitions  within  the  site  are  limited  to  minor 
buildings  along  its  south  side  where  the  site  has 
already  been  disrupted  by  the  construction  of  the 
Southeast  Expressway.   Along  Summer  Street, 
demolition  is  limited  to  a  two-story  structure  that 
does  not  contribute  to  the  significance  of  the  site's 
nineteenth-century  buildings. 

o     New  construction  on  the  site  will  consist  of  a 

five-story  base  that  extends  out  to  the  sidewalk 
along  Summer,  South  and  Lincoln  Street.   The  height 
of  this  base  will  match  the  height  of  existing 
buildings  along  the  Summer  Street  side  of  the  site. 
The  height  and  massing  of  the  base  have  been  selected 
to  provide  an  appropriate  context  for  the  four 
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remaining  row  buildings.   In  addition,  new  floor 
levels  have  been  planned  to  correspond  to  existing 
window  heights  along  Summer  Street.   A  high-rise 
office  building  will  be  built  near  the  center  of  the 
site  with  deep  recesses  back  from  the  building's 
five-story  base. 

New  construction  will  be  faced  with  stone  masonry 
materials  bearing  ornamental  articulation  at  entries, 
windows  and  cornices  to  provide  an  appearance  that 
relates  to  the  four  remaining  buildings  on  the  site. 


2) 


Secondary  Impacts 


As  construction  will  be  limited  to  the  project  area 
and  is  not  part  of  a  larger  plan  requiring  the  construction 
of  streets  or  surrounding  blocks,  the  project  will  have  no 
direct  effect  on  nearby  historic  properties.   Its  principal 
effect  on  such  properties  will  be  visual;  the  importance  of 
this  effect  will  vary  with  distance  from  the  project  area. 
In  the  case  of  properties  such  as  the  Russia  Wharf  Build- 
ings, the  South  Station  Headhouse  and  the  United  Shoe 
Machinery  Building,  visual  effects  represent  a  negligible 
impact,  as  all  three  properties  stand  in  relative  isola- 
tion, separated  from  the  project  area  by  numerous  large- 
scale  modern  intrusions.   Similarly,  the  project's  visual 
impact  on  the  Leather  District  is  negligible  due  to  the 
district's  isolation  and  self-contained  setting. 

The  impact  of  the  project  upon  the  Church  Green 
Building,  the  Bedford  Building,  the  Proctor  Building  and 
the  Commercial  Palace  District  are  relatively  greater  due 
to  proximity.   As  the  project  area  stands  at  the  extreme 
southeast  corner  of  the  district  and  is  only  obliquely 
visible  from  the  Proctor  Building,  its  visual  impact  is 
relatively  minor  except  in  relation  to  the  Church  Green 
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Building  and  the  Bedford  Building  which  it  faces.   Several 
aspects  of  the  project  have  been  planned  to  mitigate  the 
effect  of  new  construction  on  the  setting  of  these  two 
buildings,  namely,  the  construction  of  a  five-story  base 
that  fills  in  the  holes  of  the  existing  row  buildings  along 
Summer  and  Lincoln  Street,  the  use  of  stone  facings  with 
ornamental  articulation  on  new  construction  and  the 
restoration  of  four  facades  within  the  project  area  to 
strengthen  the  historic  character  of  the  intersection  at 
Church  Green. 
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4.8   UTILITY  SYSTEMS  IMPACTS 

4.8.1  Sewer  System  for  125  Summer  Street  Site 

The  City  of  Boston  has  a  public  sewer  system  that  is 
operated  by  the  Boston  Water  and  Sewer  Commission  (BWSC). 
Throughout  most  of  the  downtown  and  financial  districts  of  the 
city,  service  consists  of  combined  sewers.   Sanitary  wastewater 
and  storm  water  from  the  existing  buildings  in  the  vicinity  of 
Summer  Street  are  collected  by  combined  sewers  and  directed  to 
the  East  Side  Interceptor  (ESI).   The  ESI  passes  close  to  the 
site  and  conveys  the  wastewater  to  the  new  Boston  Main 
Interceptor  (BMI),  and  then  on  to  the  Massachusetts  Water 
Resources  Authority  (MWRA)   Deer  Island  Treatment  Plant.   At 
Deer  Island  the  wastewater  currently  receives  primary  treatment 
and  chlorination  before  being  discharged  to  Boston  Harbor. 

The  present  sewer  system  serving  the  site  area  is  shown  on 
Figure  4.8.1. 

4.8.2  Sewer  System  -  Site  to  East  Side  Interceptor 

The  project  site  is  served  by  sewer  lines  on  Summer  Street, 
Lincoln  Street  and  the  Surface  Artery.   Both  Summer  and  Lincoln 
Streets  are  served  by  a  24"  x  28"  egg-shaped  combined  storm  and 
sanitary  sewer.   The  line  that  runs  parallel  to  the  Surface 
Artery  is  48"  and  is  close  to  the  building  site  due  to  the 
underground  expressway  and  ventilation  stack.   All  three  lines 
converge  at  Dewey  Square  and  eventually  lead  to  the  ESI  via  a 
72"  diameter  sewer.   A  regulator  in  the  conduit  at  this  location 
discharges  all  dry  weather  flow  into  the  ESI.   Excess  wet 
weather  flow  overflows  the  regulator,  bypasses  the  ESI  and  is 
dischargeo  into  Fort  Point  Channel  just  south  of  Northern  Avenue 
at  outfall  BOS-062.   Figure  4.8.2  illustrates  the  operation  of  a 
typical  regulator  during  storm  flow  situations. 
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FIGURE  4.8.1   SEWER  SYSTEM  AT  125  SUMMER  STREET  SITE 
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COMBINED    SEWER    OVERFLOW    PROJECT 
INNER    HARBOR    FACILITIES   PLAN 


ILLUSTRATION  OF  A  COMBINED 
SEWER    SYSTEM 


Source:     'Combined  Sewer  Overflow  Project  kmer  Harbor  Area  Facilities  Plan*. 
MOC,  December  1982,    O'Brien  &  Gere 


FIGURE  4.8.2   TYPICAL  COMBINED  SEWER  SYSTEM 
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4.8.3   Sewer  System  -  East  Side  Interceptor  to  Deer  Island 


Existing  System 


East  Side  Interceptor 


The  ESI  conveys  dry  weather  flows  and  some  wet  weather 
flows  from  the  downtown  financial  district,  the  Waterfront  area, 
the  North  End  and  portions  of  the  South  End,  to  the  new  BMI  at 
the  south  end  of  the  South  Station  Railroad  Yard. 

The  ESI  begins  at  Hanover  Street  in  the  North  End  and 
continues  to  the  south  along  Commercial  Street  and  then  along 
Atlantic  Avenue  south  to  Beach  Street.   It  then  proceeds  south, 
under  the  South  Station  Railroad  Yard  to  the  BMI. 

The  portion  of  the  ESI  north  of  the  site  from  Eastern 
Street  to  Harbor  Towers  was  replaced  as  part  of  the  Waterfront 
Park  Project.   The  BWSC  has  initiated  action  to  replace  the 
remainder  of  the  ESI.   At  this  writing,  the  BWSC  has  completed  a 
section  from  the  south  end  of  the  South  Station  Railroad  Yard  to 
Kneeland  Street.   The  entire  replacement,  through  the  Rowes 
Wharf  area,  is  expected  to  be  complete  in  about  2-3  years. 

Boston  Main  Interceptor 

In  the  new  BMI,  sewage  generally  flows  from  north  to  south 
through  the  southern  part  of  Boston.   The  BMI  serves  to  convey 
flows  from  the  other  Boston  interceptors  (including  the  ESI)  to 
the  junction  with  the  MWRA  system  at  the  Columbus  Park  Headworks, 

The  new  BMI  is  a  complete  replacement  of  the  old  BMI,  which 
previously  served  the  same  major  interceptors.   Sewage  in  the 
new  BMI  flows  from  the  south  end  of  the  South  Station  Railroad 
Yard  to  Andrew  Square  in  a  9,000  square  foot  section  of  pipe 
completed  in  September,  1986.   Flow  from  Andrew  Square  to  the 
Columbus  Park  Headworks  is  in  a  2,650  foot  section  of  pipe 
completed  in  May,  1984. 
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MWRA  Tunnel  to  Deer  Island 

Wastewater  collected  in  the  BWSC's  system  enters  the  MWRA 
system  at  the  Columbus  Park  Headworks  which  has  a  capacity  of 
180  million  gallons  per  day  (MGD).   Average  dry  weather  flow  to 
the  headworks  is  approximately  64  MGD.   The  MWRA  Tunnel  which 
conveys  sewage  from  the  Columbus  Park  Headworks  to  the  Deer 
Island  Treatment  Plant  has  a  peak  capacity  of  440  MGD. 

Plans  for  System  Improvements  -  East  Side  and  Boston  Main 
Interceptor  Replacement 

Most  water  quality  problems  in  the  Inner  Harbor  can  be 
significantly  reduced  if  dry  weather  overflows  are  eliminated 
and  if  wet  weather  combined  sewer  overflows  (CSO)  are  minimized. 
Currently,  the  MWRA  and  the  BWSC  are  working  on  elements  of  a 
Recommended  Plan  for  CSO  control.   The  plan  is  intended  to 
eliminate  dry  weather  overflow  by  in-system  modifications  to 
tidegates  and  regulators,  by  improvements  in  collection  capacity 
(e.g.,  new  ESI)  and  by  continuing  inspection  and  maintenance 
programs.   The  plan  also  calls  for  reductions  of  up  to  75%  in 
the  frequency  and  volume  of  CSO.   The  goal  is  to  provide 
treatment  for  all  storms  with  a  probability  of  occurring  less 
than  once  per  year  with  a  six  hour  duration. 

In  conjunction  with  this  plan,  the  BWSC  has  initiated  a  $60 
million  design  and  construction  program  to  replace  major  sewer 
interceptor  pipes.   The  program  is  designed  to  eliminate  dry 
weather  overflows  caused  by  insufficient  capacity  in  the 
existing  systems  and  to  provide  replacements  where  the  system 
has  deteriorated. 
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Plans  for  System  Improvements  at  Deer  Island  Treatment  Plant 

The  MWRA  is  currently  in  the  process  of  upgrading  the  Deer 
Island  Treatment  Plant  in  two  stages.   The  first  stage  is  an 
immediate  upgrade  to  improve  pumping  capacities  at  the  plant. 
This  program  is  intended  to  prevent  situations  where  failure  of 
pumping  equipment  at  Deer  Island  leads  to  increased  discharges 
at  CSO  facilities  and  the  Moon  Island  outfall.   This  stage  is 
intended  to  be  complete  by  1988. 

The  second  stage  is  a  complete  construction  of  a  new 
facility  to  upgrade  treatment  capability.   A  design  contract  for 
the  treatment  plant  upgrade  was  recently  awarded  by  MWRA. 
Parallel  efforts  are  underway  to  design  and  provide  an  adequate 
site  for  the  required  sludge  management  facilities.   This 
program  will  extend  into  the  mid  1990' s. 

4.8.4   Project  Sewer  Connections 

Requirements  for  Retention  Tanks 

The  BWSC  has  initiated  a  number  of  recent  actions  to 
improve  CSOs.   The  Commission  has,  since  1980,  been  conducting 
an  ongoing  inspection  and  maintenance  program  along  the  ESI  and 
its  associated  CSO's.   This  program  includes  inspections  and 
required  maintenance  of  regulators  and  tidegates  on  a  schedule 
of  two  times  each  quarter. 

In  addition  to  maintenance  programs  and  periodic  inspec- 
tions underway  since  1980,  the  BWSC  requires  the  use  of  sewage 
retention  tanks  for  all  large  developments  in  the  area  tributary 
to  the  ESI.   These  retention  tanks  are  sized  to  collect  an 
entire  day's  generation  of  sanitary  wastewater  from  the  build- 
ing.  This  wastewater  is  then  discharged  during  the  two  four- 
hour  periods  of  the  day  when  the  tide  is  lowest.   Surcharging  in 
the  sewer  system  often  results  from  the  tidal  inflow  during  high 
tide  periods.   By  discharging  ouring  low  tide  periods,  the 
building  minimizes  the  impact  of  its  sewage  on  this  tidal 
surcharging  problem. 
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Sanitary  and  Storm  Sewer  Connections 

As  the  design  ana  plans  for  operation  of  the  sewer  system 
for  the  project  is  now  in  the  conceptual  phase,  the  proponent 
will  work  with  the  BWSC  to  resolve  design  issues.   Discussions 
will  be  directed  towards  determining  appropriate  mitigation 
measures  for  use  by  the  project  in  light  of  the  current  sewer 
capacity  problems  in  the  site  area  and  to  assure  that  the 
project  is  compatible  with  other  recent  activities  in  the  area 
(e.g.  the  Rowes  Wharf  project). 

Sanitary  and  storm  water  discharge  will  likely  be  connected 
to  Summer  Street  or  Lincoln  Street  sewers.   As  the  design 
progresses,  the  project  engineers  will  consult  with  the  BWSC  on 
the  precise  configuration  of  the  connection. 

4.8.5   Project  Impact 

As  noted  earlier,  the  proposed  use  at  125  Summer  Street 
will  be  primarily  office  space  of  approximately  495,000  SF  with 
minimal  street  level  retail  activity  including  restaurants  with 
about  100  seats.   It  will  replace  existing  office  space  of 
approximately  143,000  SF,  and  restaurants  with  about  150  seats. 

Estimated  Sewage  Flow 

1)  Office  Space:  (495,000  SF  proposed  -  143,000  SF 
existing)  x  75  gallons  per  day  (gpd)/l,000  SF*  = 
26,400  gpd. 

2)  Restaurant:   (100  seats  proposed  -  150  seats 
existing)  x  35  gpd/seat*  =  -1,750  gpd. 

Total  Sewage  Load:   26,400  gpd  -  1,750  gpd  =  24,650  gpd. 


Per  MA  DEQE,  Title  5,  Sanitary  Sewage  Generation  Factors  (310 
CMR  15.02). 
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The  net  additional  sewage  generation  attributable   to  the 
proposed  project  is  approximately  24,650  gpd. 

Storm  Water 

The  quantity  of  storm  water  for  the  site  will  remain 
essentially  unchanged  since  the  impervious  area  will  not 
significantly  change. 

4.8.6   Mitigation  Measures 

Project-Specific 

The  following  mitigation  measures  will  be  implemented  by 
the  project  proponent. 

1)  Use  of  the  latest,  most  efficient  plumbing  fixtures 
including  limited  flow  faucets  (.75  gallons  per 
minute  (gpm)  vs  1.5  gpm")  and  toilets  that  require 
less  water  than  the  more  conventional  equipment,  as 
required  by  the  state  plumbing  code. 

2)  Use  of  a  sewage  retention  tank  with  the  capacity  to 
store  an  entire  day's  sanitary  wastewater.   The  tank 
will  be  equipped  with  a  triplex  pumping  system  and  a 
programmable  tiae  clock  controller.   Sanitary 
wastewater  will  be  pumped  into  the  combined  sewer 
system  only  during  periods  of  low  tide.   This  will 
reduce  loads  on  the  system  during  high  tide  periods 
when  surcharging  caused  by  tidal  inflow  is  a  problem. 

In  addition  to  these  measures,  the  proponent  is  prepared  to 
operate  the  programmable  pumping  system  on  any  feasible  schedule 
proposed  in  the  future  by  the  BWSC  .  This  could  include  time  of 
day  pumping  to  avoid  peak  daytime  flow  periods. 
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System-Wide  Measures 

Constraints  imposed  upon  individual  new  developments  can 
mitigate  localized  problems  and  can  assist  in  achieving  overall 
improvement  to  water  quality  in  the  Harbor.   However,  real 
improvement  can  only  be  made  with  large-scale  efforts  to  upgrade 
the  combined  sewer  system  operation.   The  MWRA  and  BWSC  are 
currently  undertaking  a  number  of  such  improvements: 

1)  Replacement  of  the  ESI.   This  project  will  be 
completed  by  the  end  of  1989.   It  will  increase  the 
ESI  capacity  in  the  site  area  from  the  current  5-9 
million  gallons  per  day  to  43  million  gallons  per 
day.   It  will  eliminate  the  hydraulic  constraint 
currently  causing  surcharging  in  the  vicinity  of 
Central  Wharf  (B0S-G6G) .   It  is  also  expected  to 
eliminate  dry  weather  overflows  and  significantly 
reduce  wet  weather  overflows  at  all  the  combined 
sewer  overflow  outlets  that  would  be  impacted  by  the 
project. 

2)  Inspection  and  maintenance  of  tidegates  and 
regulators.   The  BWSC  instituted  a  program  to  inspect 
all  tidegates  and  regulators  at  least  two  times  each 
quarter. 

3)  Completion  of  the  Combined  Sewer  Overflow  Recommended 
Plan.   This  comprehensive  program  includes  the 
installation  of  new  CSO  treatment  facilities  for 
screening  and  disinfecting  CSO  discharges,  replace- 
ment of  tidegates  and  regulators,  sewer  separations, 
and  storage  facilites.   The  goal  of  this  10-year 
program  is  to  eliminate  dry  weather  overflows  and 
reduce  the  discharge  of  untreated  CSO  by  75  percent. 
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Included  in  this  program  is  the  construction  of  the 
Fort  Point  Channel  CSO  Treatment  Facility  which  will 
greatly  reduce  CSO  pollutant  discharges  to  Boston 
Harbor. 

4.    Upgrade  Deer  Island  Treatment  Plant  pumping  capacity 
and  add  secondary  treatment  capability. 

A. 8. 7  Other  Utilities 


Water 


The  water  distribution  system  in  the  vicinity  of  125  Summer 
Street  is  shown  on  Figure  4.8.3.   The  existing  system  includes 
high  pressure  service  lines  for  fire  protection,  and  low 
pressure  service  lines  for  domestic  water  use.   High  pressure 
service  mains  include  a  12"  main  on  Summer  Street,  and  8"  mains 
on  South  Street  and  Lincoln  Street.   There  are  existing  fire 
protection  connections  onto  the  site  from  each  of  the  three  high 
pressure  service  mains. 

Domestic  water  service  is  available  from  a  16"  low  pressure 
service  main  that  runs  along  Summer  Street,  and  a  12"  main  along 
Lincoln  Street.   Domestic  water  service  for  the  project  will  be 
provided  by  connections  to  one  or  more  of  these  mains. 

Domestic  water  demand  for  this  project  is  expectea  to  total 
A4,700  gpd.   In  addition,  air  conditioning  makeup  water  is 
expected  to  average  40,000  gpd.   The  peak  domestic  use  is 
estimated  at  70  gpm,  based  on  a  peaking  factor  of  3.0  for 
restaurants  and  2.4  for  offices.   A  peak  air  conditioning  makeup 
water  rate  of  100  gpm  is  anticipated,  resulting  in  a  total  peak 
demand  of  approximately  170  gpm. 
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FIGURE  4.8.3   EXISTING  WATER  SYSTEM  AT  125  SUMMER  STREET  SITE 
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To  determine  the  capacity  of  the  existing  low  pressure 
water  service  in  the  general  site  vicinity,  a  hydrant  test  was 
conducted  at  the  proponent's  request  in  October,  1986  by  BWSC. 
The  test  was  done  on  a  12"  low  pressure  service  main  at  Harrison 
Avenue  in  the  vicinity  of  Oak  Street  and  Hudson  Street.   This 
location  was  selected  by  the  BWSC,  and  is  considered 
representative  of  the  project  site  area.  The  test  indicated  an 
available  flow  of  3,270  gpm  at  a  satisfactory  residual  pressure 
of  50  psi.   The  results  of  this  test  indicate  that  the  low 
pressure  service  system  in  the  site  vicinity  has  capacity  to 
satisfy  the  project  demand  (peak  flow  of  170  gpm). 

Existing  fire  protection  connections  at  the  site  will  be 
maintained  and  augmented  as  necessary  to  provide  the  necessary 
fire  flow.   Design  of  the  fire  protection  systems  will  be 
coordinated  with  BWSC  and  the  City  Fire  Department. 

Solid  Waste 

With  full  occupancy  of  125  Summer  .Street ,  solid  waste 
generation  is  estimated  at  about  2  tons  per  day  (5  days  per 
week).   Solid  waste  will  be  disposed  by  private  haulers  (as  is 
the  case  with  office  buildings  in  Boston).   The  solid  waste  will 
probably  be  disposed  of  in  a  commercial  landfill  or  at  the 
Saugus  Resource  Recovery  Plant.   By  1990,  a  large  resource 
recovery  plant  will  be  constructed  at  the  old  city  incinerator 
site  which  will  have  a  capacity  of  at  least  2,000  tons  per  day. 


1196/3530f  4.8-12 


4.9       ENERGY    IMPACTS 

4.9.1  Introduction 

Throughout  the  development  of  125  Summer  Street,  energy 
efficiency  has  been  a  significant  consideration.   R.  G. 
Vanderweil  Engineers,  Inc.  the  mechanical  engineers  for  the 
project,  have  been  charged  with  designing  HVAC  and  mechanical 
systems  that  incorporate  advanced  technology  in  energy 
conservation  technology.   In  addition  to  the  requirements  of 
the  Massachusetts  State  Building  Code  Provisions  for  Energy 
consumption,  and  other  accepted  industry  standards  such  as 
ASHRAE  90-75,  the  objectives  of  the  energy  design  and  analysis 
process  has  been: 

0     To  minimize  building  energy  demand 

0     To  minimize  wasteful  elements  of  summer  solar  gain. 

0     To  minimize  fossil-fuel  consumption 

0     To  maximize  energy  efficiency  based  upon  the 

anticipated  life-cycle  costs  of  the  building  energy 

systems. 

4.9.2  Building  Energy  Conservation  Measures 
Window  Design  Treatment 

Window  design  treatment  was  based  on  projected  building 
use.   Office  use  will  be  by  far,  the  predominant  use,  with 
street  level  retail  space.   These  uses  will  lead  to  heavy 
daytime  usage  with  much  less  intense  evening  usage  during  hours 
of  darkness. 

In  selecting  windows,  the  architects  and  engineers  have 
been  sensitive  to  all  energy  issues.   Accordingly,  the  windows 
will  be  double  glazed  and  combine  reflective  coatings  with  some 
tinted  glass  panes.   The  double  glazing  doubles  the  R  values 
over  single  glazed  windows,  conserving  energy  devoted  to  either 
space  heating  or  air  conditioning.   The  dual-pane  reflective 
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glass  also  prevents  excessive  solar  gain  reducing  air 
conditioning  requirements,  and  contributing  to  sound  insulation 

Thermal  Insulation 

The  "skin"  of  the  building  will  consist  of  the  double 
glazed  window,  described  above,  and  stone.   A  portion  of  each 
face  would  be  a  vertical  bay  window,  providing  a  vertical 
emphasis  to  the  design,  reflecting  earlier  19th  and  20th 
Century  commercial  buildings. 

A. 9.3   HVAC  Design  Considerations 

Past  experience  and  feasibility  studies  have  lead  to  the 
selection  of  the  HVAC  system  for  125  Summer  Street.   Electric 
resistance  was  selected  as  the  system  that  is  being  used  more 
and  more  frequently  in  Boston's  commercial  developments.   The 
selection  of  electric  heat  was  based  upon  its  demonstrated 
reliability ,.  its  lower  capital  cost,  and  its  reduced  space 
demands.   Such  systems  have  minimal  maintenance  problems.   An 
all  electric  development  will  receive  the  benefits  of  a  lower 
electric  rate,  not  only  for  the  space  heating,  but  for  total 
electrical  consumption. 

4 . 9 . A   Characteristics  of  the  Selected  HVAC  System 

The  all-electric  HVAC  system  for  125  Summer  Street 
consists  of  the  electric  resistance  heating,  a  chilled  water 
air-conditioning  system,  and  a  variable  air  volume  (VAV) 
ventilation  system. 

Electric  resistance  heat  will  be  supplied  primarily  via 
coils  in  the  VAV  system.   Supplementary  perimeter  electric 
heating  will  also  be  provided  and  distributed  overhead  through 
a  perimeter  linear  diffuser.   In  the  office  and  retail  spaces, 
all  heat  accumulated  in  the  ceiling  return-air  plenums  from 
lights  and  other  electrical  and  mechanical  systems  will  be 
circulated  to  heat  the  building  perimeters. 
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Each  floor  will  have  a  separate  chilled  water  air-handling 
unit  serving  zoned  VAV  fan  powered  units  for  the  floor  areas  on 
the  building  perimeter  and  VAV  terminal  units  for  the  building 
interior  floor  areas.   The  VAV  equipment  balances  the  need  for 
outside  air  with  recirculated  inside  air.   Outside  air  will  be 
vertically   distributed  to  the  fan  rooms  on  each  floor. 

A  less  energy  intensive  condenser  water  free-cooling 
system  will  be  provided  for  a  portion  of  the  cooling  season. 
The  condenser  water  free-cooling  cycle  will  save  energy  as 
refrigeration  compressors  can  be  shut  down  when  outside 
temperatures  in  the  spring  and  fall  permit  natural  cooling. 
During  these  periods,  chilled  water  will  be  obtained  directly 
from  the  cooling  towers  without  the  use  of  mechanical 
refrigeration. 

The  zoned  VAV  system  has  distinct  advantages  over 
conventional  HVAC  systems.   It  provides  for  local  climate 
control  on  demand.   It  incorporates  natural  heating  and  cooling 
by  mechanically  mixing  ^and  supplying  air  volumes  to  areas  with 
heating  or  cooling  requirements.   The  result  is  a  HVAC  system 
in  which  the  relationship  between  building  occupancy  and 
climate  control  energy  consumption  are  quasi-linear;  that  is, 
the  system  can  respond  efficiently  to  localized  demands  whether 
they  be  special  type  occupancy  or  just  partial  occupancy. 

4.9.5   Lighting 

The  lighting  for  the  building  will  consist  primarily  of 
overhead  space  lighting  with  a  minimal  amount  of  direct  and 
indirect  specialty  lighting  for  special  tenant  needs  and  public 
areas.   The  space  lighting  will  be  provided  by  the  newest 
high-efficiency  parabolic-louvre  light  fixtures  with  high 
efficiency  ballasts.   These  lights  combine  the  high  efficiency 
of  fluorescent  lighting  with  the  no-glare  diffusion  of  a 
parabolic  reflector  returning  the  "wasted  light".   This 
lighting  system,  in  conjunction  with  the  natural  lighting, 
requires  a  low  wattage  per  square  foot  to  provide  a  comfortable 
lighting  level. 


1196/0898S 


4.9-3 


All  space  lighting  will  be  activated  by  local  switching 
systems  on  a  room-by-room  basis. 

4.9.6   Total  Energy  Demand 

Since  125  Summer  Street  is  an  all-electric  design  (with  an 
emergency  back-up  generator)  its  energy  consumption  is 
measurable.   The  estimated  total  annual  energy  consumption  is  8 
watts/square  foot  or  3,920,000  watts  in  total.   A  breakdown  of 
the  total  expected  energy  use  is  provided  in  Table  4.9.1.   As 
shown  in  the  table,  lighting,  appliances,  cooling,  heating  and 
air  handling  are  the  major  energy  consuming  activities. 


TABLE  4.9.1 

125  SUMMER  STREET 

ESTIMATED  ELECTRICAL  CONSUMPTION 

Annual  Consumption 


Project  Component 


Watts 


Lighting 
Heating/Cooling 
Miscellaneous  Office  Power 
Supplementary  Lighting 

Supplementary  Power  For  Special  Equipment 

Total 

4.9.7   Conclusions 


2.5 
2.5 
1.0 

1.0 
1.0 
^711 


The  125  Summer  Street  mechanical  systems  are  well  designed 
and  energy  efficient.   The  major  energy  consuming  facilities 
that  have  been  chosen  is  a  coordinated  all-electric  design  that 
exceeds  accepted  building  codes  and  industry  standards  for 
energy  efficiency. 
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4.10   NATURAL  RESOURCES  IMPACT 

4.10.1  Sub-Soil  Conditions 

Subsurface  conditions  and  preliminary  foundation  design 
recommendations  were  prepared  by  Haley  &  Aldrich,  Inc.  in  July 
and  August,  1985,   The  following  are  based  on  the  information 
gathered  to  determine  existing  site  conditions  and  subsurface 
conditions:   Elevations  referenced  herein  are  Boston  City  Base 


A. 


Site  Conditions 


Major  below-grade  structures  in  the  immediate  vicinity  of 
the  site  include  the  following: 

o     The  John  F.  Fitzgerald  Expressway  tunnel  is  located 
south  of  the  site  directly  beneath  the  Surface 
Artery.   Top  of  existing  tunnel  ranges  from  El.  17  to 
El.  15.5.   The  tunnel  is  soil-bearing  from  El.  -6.5 
to  El.  -9.0,  sloping  downward  from  east  to  west  in 
the  area  of  the  site. 

o     A  ventilation  stack  associated  with  the  Expressway 

tunnel  is  located  between  the  site  and  the  Expressway 
tunnel.   Available  information  indicates  that  the 
structure  is  bearing  on  a  5-ft.  thick  concrete  mat 
foundation  at  approximately  El.  -7. 

0     The  MBTA  Red  Line  Tunnel  is  located  north  of  the  site 
directly  beneath  Summer  Street.   Available  drawings 
indicate  that  the  tunnel  invert  ranges  from  El.  - 
27.5  to  El.  -22.5  with  elevation  decreasing  from  west 
to  east. 
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A  48-in.  diameter  reinforced  concrete  pipe  sewer  is 
located  parallel  and  north  of  the  existing  Expressway 
tunnel.   Refer  to  Site  Plan  prepared  by  Harry  R. 
Feldman,  Inc.   The  sewer  invert  ranges  from 
approximately  El.  4.5  to  El.  5  near  the  site  as  the 
sewer  passes  between  the  site  limits  and  the 
Expressway  tunnel  and  ventilation  stack  as  shown  in 
Section  on  Figures  4  and  5. 

Information  gathered  on  utilities  near  the  site 
indicates  that  numerous  utilities  are  present 
directly  below  the  streets  bordering  the  site. 

A  utility  profile  at  the  north  wall  of  the  Expressway 
tunnel  at  the  South  Street  intersection  indicates 
utilities  along  the  Surface  Artery  and  along  South 
Street  between  approximately  El.  23  and  El.  18 
(approximate  top  of  Expressway  tunnel  roof).   As 
previously  mentioned,  a  48-inch  diameter  storm  sewer 
(invert  El.  +4.5)  is  indicated  with  an  alignment 
parallel  to  the  Expressway  tunnel. 

A  utility  profile  at  the  intersection  of  South  Street 
and  Summer  Street  indicates  numerous  utilities 
between  approximately  El.  23  and  El.  4.5,  including 
several  storm  sewer  lines  between  approximately  El. 
15.5  and  El.  4.5.   The  MBTA  Red  Line  tunnel  roof  is 
shown  at  El.  1.0.   A  utility  profile  was  not  found 
along  Lincoln  Street,  but  based  on  the  site  plan  and 
field  experience,  a  20-inch  diameter  high  pressure 
water  main  is  known  to  be  located  approximately  three 
feet  from  the  existing  curb  at  a  depth  of 
approximately  7  ft. 
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Based  on  the  information  gathered,  it  appears  that 
the  concentration  of  utilities  is  greatest  along 
Summer  Street  and  then  South  Street  and  probably  to  a 
lesser  degree  along  Lincoln  Street  and  the  surface 
artery.   It  is  not  known  whether  any  utilities 
traverse  the  site. 


B. 


Subsurface  Conditions 


The  subsurface  soils  at  the  site  reflect  the  successive 
effects  of  glaciation,  a  subsequent  estuarine  environment  and 
various  phases  of  man-placed  filling  and  development.   Figure 
A. 10.1  depicts  the  four  test  borings. 

Generalized  descriptions  of  the  soils,  as  encountered  from 
ground  surface  at  the  locations  of  the  test  borings,  are  given 
below : 

0     Fill  -  Fi„ll  was  encountered  in  each  test  boring, 

ranging  in  thickness  from  4  to  5  feet  below  sidewalk 
vault  slabs  and  8  to  11  feet  below  outside  existing 
ground  surface.   Fill  encountered  below  the  vault 
slab-on-grade  in  borings  Bl  and  B2  consisted  of  silty 
yellow  clay,  trace  gravel  and  brick.   Fill 
encountered  in  borings  B3  and  B4  consisted  of  coarse 
to  fine  sand,  little  gravel.   These  borings  were 
probably  within  the  backfill  zone  of  the  ventilation 
shaft  for  the  Expressway  tunnel. 

o     Clay  -  A  stratum  of  silty  clay  was  encountered  below 
the  fill  at  each  boring  location.   The  clay  ranged  in 
thickness  from  24  feet  at  boring  Bl  to  5.5  feet  at 
boring  B3.   The  composition  of  the  stratum  varies 
from  : 

very  still  yellow  clay,  trace  to  little  gravel; 

usually  appearing  in  the  upper  5  to  10  feet  of 

the  clay  stratum,  to  stiff  to  very  stiff  gray 

silty  clay. 
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Figure  4.10.1   Location  of  Test  Borings 
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stiff  to  very  stiff  gray  silty  clay. 

Boring  Bl  encountered  a  A-ft.  thick  layer  of  silt  to 
fine  silty  sand  with  interbedded  clay  between  the 
upper  yellow  clay  and  the  silty  gray  clay. 

Boring  B3  encountered  a  6-ft.  thick  layer  of  sandy 
silt  between  the  clay  and  the  glacial  till  below 
El.  8. 

0     Glacial  Till  -  All  borings  were  terminated  in  the 

glacial  till  stratum.   borings  were  advanced  23.5  to 
30.5  feet  below  the  top  of  the  glacial  till. 

The  composition  of  the  glacial  till  was  variable, 
generally  ranging  from  a: 

silty  CLAY  with  little  gravel  and  coarse  to 
fine  sand  to  a 

coarse  to  fine  sandy  CLAY,  little  coarse  to 
fine  gravel. 

Boring  B2  encountered  glacial  till  composed  of  a 
silty  medium  to  fine  SAND  to  fine  sandy  SILT  from  El. 
-11  to  the  bottom  of  the  borehole  at  El.  -23. 

The  top  of  the  glacial  till  generally  dips  from  north 
to  south  and  from  east  to  west.   the  top  of  glacial 
till  elevation  is  shown  on  Figure  2. 

Two  test  borings,  B3  and  B4,  noted  a  2  to  4-ft.  thick 
sand  layer  within  the  glacial  till  at  a  depth  of 
approximately  39  feet,  (El.  -lA) . 

Bedrock  was  not  encountered  in  any  of  the  test  borings. 
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The  latest  groundwater  level  readings  in  the  observation 
wells  range  between  El.  5.4  and  El.  13.1.   The  groundwater 
levels  in  wells  Bl,  B3  andOA,  located  to  the  south  of  the  site, 
range  from  El.  5. A  to  El.  7.1.   Higher  levels  are  present  in 
well  82  located  at  the  north  end  of  the  site.   Typical 
groundwater  levels  in  the  area  generally  average  near  El.  8. 
The  groundwater  levels  in  wells  81,  83  and  84  may  be  slightly 
depressed  due  to  the  permanent  dewatering  system  for  the 
Expressway  tunnel.   The  higher  groundwater  level  in  well  82  may 
not  have  stabilized  as  of  the  latest  reading  or  represent  a 
perched  condition. 

4.10.2  Excavation  and  Foundation  Construction  -  Potential 
Impacts 

Foundation  requirements  will  support  a  22-story  structure 
with  three  (3)  to  five  (5)  levels  of  below  grade  parking.   With 
5  levels  of  parking  the  lowest  level  will  be  at  about  58  feet 
below  the  street  level.   It  is  recommended  to  support  the 
building  columns  on  individual  spread  footings  or  a  mat 
foundation  bearing  on  the  glacial  till.   A  laterally  braced 
concrete  diaphragm/ slurry  wall  is  anticipated  for  lateral 
support  of  the  excavation  and  the  permanent  foundation  wall. 

A.     Hydrostatic  Design 

Water  levels  at  the  site  are  slightly  depressed  due  to  the 
permanent  dewatering  system  for  the  Expressway  tunnel  beneath 
the  Surface  Artery.   The  present  groundwater  table  declines 
across  the  site  from  approximately  El.  13  along  Summer  Street  to 
El.  6  adjacent  to  the  Surface  Artery,  based  on  the  observation 
well  readings. 

For  the  design  of  the  lowest  level  slab,  it  should  be 
assumed  that  hydrostatic  pressures  will  act  beneath  the  slab  and 
against  the  walls  even  though  site  water  levels  may  be  depressed 
by  the  Expressway  dewatering  system,  and  possibly  by  the  MBTA 
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Red  Line  tunnel  and  by  local  storm  sewers  with  deep  inverts. 
Evaluations  of  hydrostatic  pressure  should  not  rely  on  continued 
groundwater  depression  by  the  Expressway  tunnel  drainage  system 
or  by  other  subsurface  structures.   With  use  of  a  concrete 
diaphragm  wall  it  will  be  possible  to  provide  a  permanent  system 
for  full  relief  at  hydrostatic  pressures  for  the  lowest  level 
floor  slab.   The  wall  would  be  extended  10  to  15  feet  below  the 
lowest  floor  level  to  serve  as  a  permanent  seepage  cutoff.   The 
permanent  seepage  cutoff  is  required  to  preclude  draw  down  of 
normal  groundwater  levels  in  the  area. 


B. 


Seismic  Considerations 


1.  Soil  "S"  Factor  -  All  foundations  will  be  designed  in 
accordance  with  the  current  Massachusetts  State 
Building  Code.   For  seismic  considerations,  all 
natural  soils  below  the  fill  may  be  considered  Class 
A  materials.   Therefore,  a  soil  factor  "S"  of  1.0 
(refer  to  Section  716.9  of  the  Code)  would  be 
appropriate . 

2.  Lateral  Earth  Pressure  -  During  an  earthquake 
occurrence,  additional  stresses  will  develop  against 
the  exterior  basement  foundation  walls  of  the 
structure.   The  exterior  foundation  walls  below  grade 
will  be  designed  to  resist  an  earthquake  force 
calculated  in  accordance  with  Section  716.6.10  of  the 
Massachusetts  State  Building  Code. 


C. 


Liquefaction  Considerations 


The  Massachusetts  Building  Code,  Section  720.4,  provides 
criteria  with  which  to  evaluate  the  liquefaction  potential  of 
saturated  fine  granular  materials.   The  term  "liquefaction" 
describes  a  phenomena  in  which  a  saturated  cohesionless  soil 
loses  its  strength  during  an  earthquake  and  may  result  in 
substantial  settlement. 
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Based  on  evaluations  of  the  preliminary  soil  data  obtained 
at  this  site,  it  is  concluded  that  the  subgrade  soils  below  the 
recommended  bearing  level  would  not  be  susceptible  to 
liquefaction. 

4.10.3  Construction  Impacts 

A.  Excavation 

Foundation  construction  for  five  levels  below  grade  will 
require  an  excavation  of  55    feet. 

The  site  is  presently  occupied  by  structures  which  are 
supported  on  spread  footings  at  relatively  shallow  depths. 

The  clay  and  glacial  till  soils  which  will  be  exposed  at 
the  excavation  level  are  sensitive  to  disturbance.   Accordingly, 
after  excavation  to  foundation  level,  a  nominal  2  or  3-inch 
thickness  of  lean  concrete  will  be  placed  over  the  mat 
foundation  bearing  surface  to  serve  as  a  working  mat. 

B.  Lateral  Support 

A  concrete  diaphragm  wall  is  utilized  as  the  temporary 
lateral  earth  support  and  incorporated  into  the  permanent 
basement  wall. 

The  concrete  diaphragm  wall  will  be  braced  using  internal 
and  external  bracing. 

Internal  bracing  will  be  utilized  where  external  bracing  is 
not  possible  due  to  the  presence  of  the  subsurface  structures. 

Internal  bracing  consists  of  corner  braces,  cross-lot  and 
inclined  rakers.   External  bracing  is  drilled  in  earth 
tiebacks.   External  bracing  extends  beyond  the  limits  of  the 
excavation,  internal  bracing  is  within  the  excavation. 

Approximately  four  levels  of  bracing  is  anticipated. 
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C .     Dewatering 

Based  on  the  observed  water  levels,  the  excavation  will 
extend  approximately  35  to  40  feet  below  the  present  groundwater 
levels  at  the  site. 

A  slurry  wall  system  will  be  effective  as  a  seepage  cutoff 
and  would  reduce  the  dewatering  requirements  during  construction, 

In  general,  it  is  anticipted  that  excavation  dewatering  may 
be  achieved  by  open  pumping  within  the  excavation. 
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APPENDIX  A 
PEDESTRIAN  LEVEL  WIND  IMPACTS 

For  each  location  two  data  sets  are  given:   one  with  the 
present  conditions  (no  build)  and  the  other  with  the  new 
building  (build).   Each  data  contains  one  figure  and  two 
tables.   The  figure  presents  the  measured  velocity  -(m/s)  versus 
wind  direction.   The  lower  curve  is  the  mean  velocity,  the 
upper  curve  is  the  gust  velocity.   The  table  that  follows 
contains  the  probability  that  a  given  wind  level  will  be 
exceeded.   This  table  is  based  on  all  seasons  and  all 
directions  and  thus  represents  the  annual  wind  condition.   The 
final  table  is  the  velocity  that  is  exceeded  1,  5,  10,  20  and 
50%  of  the  time.   These  tables  are  presented  for  each  season 
and  also  for  the  annual  winds.   Both  mean  and  gust  data  are 
presented.   The  top  half  of  the  table  presents  these  data  in 
metric  (m/s)  units.   The  bottom  half  of  the  table  presents  the 
same  data  in  english  (mph)  units. 

The  data  is  organized  by  location  given  in  Fig.  4.1.20 
First  we  present  the  results  for  existing  conditions,  next  for 
the  build  condition.   On  each  page  the  data  file  is  given  a 
four  letter  name.   The  first  letter  is  always  S  and  stands  for 
Summer  Street.   The  second  letter  is  either  N,  for  no  build,  or 
B  for  build.    The  next  two  letters  are  used  to  indicate  the 
location.   Sometimes  an  additional  letter  is  added.   This 
letter  indicates  that  the  technician  decided  to  run  the  test 
over  to  assure  the  data  was  correct. 
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0.  040336 
0. 030315 
0.  022733 
0. 017186 
0.  01302 4-. 
0. 009942 
0.  00766IZI 
0. 005969 
0.  0047121 
0. 003767 
0.  003056 
0. 002513 
0.  002034- 
0. 001766 
0.  0015124- 
0. 001291 
0. 001  117 

0.  000970 

0.  000846. 
0. 000739 
0.  000646 
0. 000555 
0.  000435 
0. 000432 
0.  000377 
0. 000329 
0.  000286 
000248 
000215 
000186 

000161 

000138 
000113 
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<  my^> 

Dabi  1  ity 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

51?-/. 

£.571 

3.014 

£.  675 

£.  150 

£.586 

iliZi-/. 

4.  ££8 

4.  865 

4.  453 

3.  534 

4.  £53 

liZi-/. 

5.  330 

5.491 

4.  353 

5.  £44- 

57: 

6.  38£ 

6.  406 

£.  414 

5.  043 

6.  134 

!■/. 

9.  £65 

a.  067 

8.  ££8 
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a.  165 

vs 
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SUMMER 
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3.  131 
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£0-/. 
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£.575 

£.£98 

5.  015 

5.999 

liZi-/. 

7.5^18 

7.886 

7.734 

6.  134 

7.  379 

5-/. 

8.  391ZI 

9.  036 

8.  987 

7.  11£ 

8.  635 

I-/. 

13. 5£7 

11. 458 

11. 571 

9.1 35 

11.  431 

y^m 

^»n 
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FfiLL 

WINTER 

SPRING 

SUMMER 

PlNNUflL 

5iZi-/. 

5.751 

£.743 

5.  985 

4.810 

5.785 

£!?.■/. 

3.  547 

10. 43£ 

9 .  96 1 

7.  906 

9.  513 

112-/. 

1 1 .  3££" 

1£.510 

1£. £83 

9.737 

1 1 .  730 

5-/. 

14.277 
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11. £80 

13.7££ 
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14. 485 
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11. £19 

13.418 
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18. 795 

17.640 
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13. 7££ 

16.  50G. 

5-X 

£0. 109 

£0. £13 

£0. 104 

15.908 

19. 316 

!•/. 

50. £59 

£5. 630 
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£5.  704 
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5iZi 
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50 
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50 
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7.  00 


7. 

a. 

a. 
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10. 
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1  C  . 
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50 
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50 
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50 

00 

50 

00 

50 
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£0. 

£0. 
£1. 
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00 

50 

00 

50 

00 

50 

00 

50 
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50 
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0. 949643 
0. a££156 
0. £60313 
0. 502192 
0. 368309 
0. 263882 
0. 136080 
0. 129634 
0. 089420 
0. 061184 
0.  041599 
0. 023152 
0. 013994 
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0. 003635 
0. 005851 
0. 003996 
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000270 
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0.  794741 
0. 706133 
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0.  44S25& 
0. 372343 
0.  3071i3iZi 
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0.  202580 
0. 162272 
0.  128837 
0. 101537 
0.  079479 
0. 061759 
0.  047688 
0. 036612 
0.  02796A- 
0. 021264 
0.  016113 
0.  012179 
0,  009194- 
0. 006943 
0.  005253 
0. 003991 
0.  0050A9 
0. 002343 
0.  001825 
0. 001435 
0.  001  141 
0.  000917 
0.  00074& 
0.  000613 
0.  000508 
0. 000424 
0.  000 35& 

0. 000300 

0.  00025A 

0. 000215 
0.  000  18£ 

0.  000154 

0.  000130 
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0.  000065 
0. 000055 
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Velocity     (rn/s) 


Probability  Vrnean 


Probability  Vg ust 


iZi.  ^iiZi 


12. 
1. 
1. 


5iZi 

5iZi 
£.  iZiiZi 
£.  50 
3.  iZ!iZi 

3.  50 

4.  00 
A.  50 

5.  00 

5.  50 

00 

50 

00 

50 

00 

50 

00 

50 

00 

50 


&. 

7. 

7. 

a. 

a. 

3. 
9. 

10. 
10. 
11.00 

11.  50 

12.00 

1£.  50 

13.  00 

13.  50 

14.  00 

14.  50 

15.  00 

15.  50 

16.  00 

16.  50 

17.  00 


17. 

la. 
la. 

19. 
19. 
20. 
20. 
21. 
21. 


50 

00 

50 

00 
50 
00 
50 
00 
50 

22.  00 

22.  50 

23.  00 

23.  50 

24.  00 
24.  50 
25.00 


0. 
0. 
0. 


1. 000000 

0. 943643 
0. 322156 
0. 660313 
502192 
363309 
263332 
0. 136030 
0. 129634 
0. 039420 
0. 061184 
0. 041599 
0. 023152 
0- 018994 

0. 012800 

0. 003636 
0. 005351 
0. 003996 
0. 002762 

0. 001940 

0. 001390 

0. 001017 

0.000759 
0. 000576 
0. 000444 
0. 000345 

0. 000270 
0. 000212 
0. 000166 
0. 000129 
0. 000101 
0. 000073 
0. 000060 
0. 000046 
0. 000035 

0. 000026 

0. 000020 
0. 000015 
0. 000011 
000003 
000006 
000004 
000003 
000002 
000002 
000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 


0. 
0. 
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0. 
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1. 000000 

0. 934092 
0.  940667 
0. 375249 
0.  794741 
0. 706133 
0.  61 570^1- 
0.527999 
0.  446£5& 
0. 372343 
0.  3071«iZi 
0. 250636 
0.  202580 
0. 162272 
0.  128837 
0.  101537 
0.  073473 
0. 061759 
0.  047688 
0. 036612 
0.  02736^- 
0. 021264 
0.  016113 
0.  012173 
0.  003194- 
0.  006343 
0.  005253 
0. 003391 
0.  003043 
0. 002343 
0.  001825 
0. 001435 
0.  001  141 
0. 000917 
0.  000746 

0. 000613 

0.  000508 
0. 000424 
0.  00035G> 

0. 000300 

0.  000254- 
0. 000215 
0.  000  18£ 
0.  000154 
0.  00013IZI 

0. 000110 

0.  00009£ 

0. 000073 
0.  000065 
0. 000055 
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6.973 
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13. 94£ 
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£.  £8£ 

£.  096 

1.  7£0 
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£0-/. 
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3.  817 

3.  547 

£.  848 
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10% 

4.  4£8 
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4.51£ 

3.56£ 

4.  368 

5-/. 

5.  398 

5.  799 

5.  43£ 

4.  £46 
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£0"/. 
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7.81£ 

6.  £33 

7.  536 

5% 
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7.  £89 

8.  918 

1% 
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9.4£4 
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SUMMER 
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£0-/. 
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7.  6£9 
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9.  905 
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5% 
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11. 8£3 

1% 

17.8£6 
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16.514 
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16.  411 
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Velocity 

'     (r 

iZi. 

iZliZl 

iZi. 

50 

1. 

iZiia 

1 

5iZl 

•^ 

1210 

50 

«^  • 

00 

wJ  • 

50 

4, 

00 

4. 

50 

5. 

00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

9. 

00 

9. 

50 

1^1. 

00 

121. 

50 

11. 

00 

11. 

50 

1£. 

00 

12. 

50 

13. 

00 

15. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

IS. 

00 

16. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

50 

19. 

00 

19. 

50 

£0. 

00 

£0, 

50 

£1. 

00 

£1. 

50 

££. 

00 

CC 

50 

£3. 

00 

£3 

.50 

£4 

00 

£4 

.50 

£5 

.00 

(rn/5) 


P'robabi  1  i ty    Vrnean 


Probability    Vg ust 


1. 000000 

0. 947£53 
0. 8££413 
0. 67££S6 
0.5£7£91 
0. 401177 
0. £9a0£0 
0. £17111 
0. 155550 
0. 109751 
0.076£78 
0. 052199 
0. 035149 
0. 0£3£79 
0. 015164 
0. 0097£1 
0. 006143 
0. 003836 
0. 00£375 
0. 001465 

0. 000905 

0. 000563 
0. 000355 
0. 000££7 

0. 000148 
0. 000098 
0. 000066 

0. 000045 

0. 000031 
0. 0000£1 
0. 000015 
0. 000010 
0. 000007 
0. 000005 
0. 000003 
0. 00000£ 
0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 
0. 98£911 

0.  936837 
0. 869£95 

0.  7ea38& 

0. 701508 
0.  61412B 
0. 5£989£ 
0.  45109£ 
0. 379108 
0.  314685 
0. £58096 
0.  £09£45 
0. 167756 
0.  133053 
0. 104459 
0.  081£i37 
0. 06£545 
0.  04775121 
0. 036156 
0.  02716B 
0. 0£0£73 
0.  015033 
0. 011087 
0.  008140 
0. 005955 
0.  004345 
0. 003167 
0.  00£3i37 
0.  00168£ 
0.  001  £23 

0. 000901 

0.  000663 

0. 000490 

0.  00036^- 
0. 000£7£ 
0.  0002124' 

0. 000155 
0.  000117 

0. 000090 
0.  000063 

0. 000053 

0.  000041 
0. 000031 

0.  00002^1- 
0. 000019 

0.  000015 
0. 00001 1 

0.  000003 
0. 000007 

0.  0000125 


V 

m^'^x-& 

<  mXe»> 
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SUMMER 
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1.757 

£.  iizia 

2iZi"/. 

3.  597 

4.  139 

3.798 

£.967 

3.  639 

iia-/. 

4.607 

5.  161 

4.859 

3.779 

4.  64& 

5-X 

5.  546 

6.  064 

5.  8£6 

4.  488 

5.  564 

!•/. 

7.594 

7.885 

7.763 
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7.  474- 
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3.656 

4.368 

3.790 

3.  080 

3.690 

2IZ1-/4 

6.  036 

6.  906 

6.  343 

5.  05£ 

6.  Ill 

10-/. 

7,  508 

8.376 

7.909 

6.  £64 

7.  59& 

5-/. 

8.  876 

9.  655 

9.  £99 

7.335 

8.  9£4 

1"/. 

11. 903 

1£.££3 

1£. 069 

9.510 

1 1 .  684- 
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SPRING 

SUMMER 

ONNUflL 

50-/. 

4.  668 

5.  587 

4.  864 

3.  930 

4.716 

£0"/. 

8.  046 

9.  £60 

8.  496 

6.  637 

8.  140 

10-/. 

10. 305 

11.545 

10.870 

8.  453 

10.  39£: 

5-/. 

1£. 407 

13.564 

13. 03£ 

10. 040 

1£. 447 

!•/. 

16. 987 

17.639 

17.366 

13.431 

16.  720 
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6.890 

8.  £54 

£0-/. 

13.501 

15.449 

14. 189 

11.300 

13. 671 

10-/. 

16. 796 

18.737 

17.691 

14.013 

16.  99£ 

5-/. 

19.854 

£1.598 

£0. 80£ 

16.409 

19.96£ 

1% 

£6. 6£6 

£7. 34£ 
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£1.£74 

£5.  137 
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:icity     (m/s) 


Probability    Vrnean 


Probability    Voust 


0.  00 

0.  50 

1.  00 

1.50 

£.  00 

£.  50 

3.00 

3.  50 

4.  00 

4.  50 

5.00 

5.  50 

6.00 

6.  50 

7.  00 

7.  50 

8.  00 

8.  50 

9.  00 

S.  50 

10.  00 

10.  50 

11.  00 

11.  50 

1£.  00 

• 

1£.  50 

13.  00 

13.  50 

14.  00 

14.  50 

15.  00 

15.  50 

16.  00 
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17.00 

17.50 

18.  00 

18.  50 

13.00 

19.  50 

£0.  00 

£0.50 

£1.  00 

£1.50 

££.  00 

££.  50 

£3.00 

£3.50 

£4.  00 
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£4.  50 
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£5.  00 

1. 000000 

0. 949409 
0. 8£65£1 
0. 669£09 
0. 50597£ 
0. 358378 
0. £39365 
0.  15£364 
0. 093788 
0.  056894 
0. 034785 
0. 0£19£0 
0.014469 

0. 010050 

0. 00730£ 
0. 005484 

0. 004£10 

0. 003£74 
0. 00£565 

0. 00£017 

0. 001588 
0. 001£50 
0. 000983 
0. 00077£ 

0. 000605 

0. 000473 
0. 000369 
0. 000£87 
0. 000££3 
0. 00017£ 

0. 000133 
0. 00010£ 
0. 000078 
0. 000060 
0. 000046 
0. 000035 
0. 0000£6 
0. 0000£0 
0. 000015 
0. 000011 
0. 000008 
0. 000006 
0. 000005 
0. 000003 
0. 00000£ 
0. 00000£ 
0. 000001 
0. 000001 
0. 000001 
0. 000001 
0. 000000 


1. 000000 
0. 980193 

0.  9£514B 
0. 843045 
0.  743558 
0.  635819 
0.  527755 
0. 425758 
0.  334395 
0. £56£99 
0.  192296 
0.  141783 
0.  10320E: 
0. 074545 
0.  053735 
0. 038876 
0.  0£a38£ 
0. 021004 
0.  0158(37 
0. 012115 
0.  00945& 
0.  007505 

0.  ©a&aA-^- 

0. 0049£5 

0.  004050 

0. 003354 
0.  002791 
0. 002330 
0.  001950 
0. 001633 
0.  001363 
0. 001148 
0.  000962: 

0. 000606 

0.  00067^- 
0. 000564 
0.  000471 
0. 000393 
0.  000327" 
0. 000272 
0.  000226> 
0. 000188 
0.  000156 
0. 000129 

0.  000106. 
0. 000088 

0.  000 07£ 

0.  000059 

0.  000043 

0. 000040 
0.  000033 
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CD 
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CS 
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B.OSTOia       ANNXJAI^ 


Velocity     (m/s) 


Probability    Vrnean 


Probability    Vgust 


0.  00 

0.  50 

1.  00 

1.  50 

a.  00 

£.  50 

3.00 

3.  50 

4.  00 

4.  50 

5.00 

5.  50 

G.  00 

6.  50 

7.  00 

7.  50 

8.  00 

8.  50 

9.  00 

9.  50 

10.  00 

10.  50 

11.00 

11.  50 

12.   00 

1£.  50 

13.  00 

13.  50 

14.  00 

14.50 

15.  00 

15.  50 

16.  00 

18.  50 

17.00 

17.  50 

18.  00 

18.  50 

19.  00 

19.  50 

£0.  00 

£0.  50 

£1.  00 

£1.50 

££.00 

££.  50 

£3.  00 

£3.  50 

£4.  00 

ff 

£4.50 

£5.  00 

'''bl7\sni33 

1. 000000 

0. 949409 
0. e£65£l 
0. 669£09 
0. 50597£ 
0. 358378 
0. £39365 
0. 15£364 
0. 093788 
0. 056894 
0. 034785 
0. 0£19£0 
0. 014469 

0.  010050 

0. 00730£ 
0. 005484 

0. 004£10 

0. 003£74 
0. 00£565 

0. 00£017 

0. 001588 
0. 001£50 
0. 000983 
0. 00077£ 

0. 000605 

0. 000473 
0. 000369 
0. 000£87 
0. 000££3 
0. 00017£ 

0. 000133 
0. 00010£ 
0. 000078 
0. 000060 
0. 000046 
0. 000035 
0. 0000£6 
0. 0000£0 
0. 000015 

0.  000011 
0. 000008 
0. 000006 
0. 000005 
0. 000003 
0. 00000£ 
0. 00000£ 
0. 000001 
0. 000001 
0. 000001 
0. 000001 
0. 000000 


1. 000000 

0. 980193 
0.  9£5148 
0. 843045 
0.  74355B 
0. 635819 
0.  5£7755 
0. 4£5758 
0.  334395 
0. £56£99 
0.  19££9a 
0. 141783 
0.  103£i2£ 
0. 074545 
0.  053735 
0. 038876 
0.  0£a38£; 

0. 0£1004 

0.  015807 
0. 01£1 15 
0.  009456 
0. 007505 

0.  006044 

0. 0049£5 
0.  0040521 
0. 003354 
0.  00£791 
0. 00£330 
0.  0131950 
0. 001633 
0.  001363 
0. 001148 
0.  000962 

0. 000806 

0.  000674- 
0. 000564 

0.  000471 

0. 000393 
0.  000327 
0. 000£7£ 
0.  000£ae. 
0. 000188 
0.  000  15& 
0.  0001 £9 

0.  000106 
0. 000088 

0.  00007£ 

0. 000059 

0.  000043 
0. 000040 

0.  000033 


V 

m^-^n 

<  my  a.  > 

Probata i  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5iZi-/. 

£.  021 

2.  267 

2.  1  17 

1.738 

2.020 

3iZi-/. 

3.  £50 

3.  467 

3.  390 

2.  749 

3.  226 

10-/. 

4.015 

4.  194 

4.  164 

3.  343 

3.  947 

5% 

4.  871 

4.  843 

4.  867 

3.  880 

4.  656 

1% 

7.839 

6.  468 

6.473 

5.  128 

6.  5133 

V 

9UL.^-t=, 

<  m/cs> 

Probata i 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50-/. 

3.  139 

3.  505 

3.288 

2.  683 

3.  136 

£0-/. 

4.977 

5.  341 

5.  207 

4.  201 

4.  940 

10-/. 

6.  194 

6.  426 

6.  359 

5.  100 

6.  iZi56 

5'/. 

7.  445 

7.  437 

7.  408 

5.926 

7.  126 

1% 

11.591 

10. 000 

9.826 

7.850 

9.  asa 

V 

m^-^n 

C  ntf^lri.  > 

Probata!  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.  521 

5.070 

4.736 

3.888 

4.519 

■1'0% 

7.271 

7.  756 

7.  583 

6.  149 

7.217 

10% 

8.  981 

9.381 

9.314 

7.478 

8.  B2S 

554 

10. 89& 

10. 834 

10.888 

8.679 

10. 415 

I"/. 

17.671 

14. 468 

14. 480 

11.472 

14.  561 

V 

^u^-t 

C  ]nF>l-&  > 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

7.022 

7.841 

7.355 

6.003 

7.015 

20% 

11. 134 

11.948 

11.647 

9.  397 

11.  050 

10% 

13. 855 

14.374 

14.225 

11.408 

13.  547 

5% 

16. 653 

16. 637 

16. 572 

13. 256 

15. 940 

1% 

25. 927 

22.370 

21.979 

17.560 

£2. 140 

\ribl7\5rii33 
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Velocity  (rn/s) 


Probability  Vrnean 


Probability  Vnust 


iZi. 

0IZI 

iZi. 

50 

1. 

00 

1. 

50 

£. 

00 

£. 

50 

3. 

00 

^« 

50 

4. 

00 

4. 

50 

5. 

00 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

9. 

00 

S. 

50 

10. 

00 

lei. 

50 

11. 

00 

11. 

50 

12. 

00 

1£. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

IB. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

50 

19. 

00 

19 

50 

£0. 

00 

£0 

50 

£1 

00 

£1 

50 

££ 

00 

££ 

.50 

£3 

.00 

£3 

.50 

£4 

.  00 

£4 

.50 

£5 

.00 

\nbl7\sbi33 

1. 000000 

0. 939814 
0. 805658 
0. 649693 
0. 495761 
0. 359358 
0. £49616 
0. 168058 
0. 110976 
0. 07£680 
0. 047673 
0. 031574 
0. 0£1£43 
0. 014571 

0. 010£0£ 

0. 007£84 
0. 005£9£ 
0. 003899 
0. 00£904 
0. 00£ia0 
0. 001645 
0. 001£45 
0. 000944 

0. 000716 

0. 00054£ 
0. 000410 

0. 000310 

0. 000£34 
0. 000176 
0. 00013£ 

0. 000099 
0. 000073 
0. 000055 
0. 000041 
0. 000030 
0. 0000££ 
0. 000016 
0. 00001£ 
0. 000009 
0. 000006 
0. 000005 
0. 000003 
0. 00000£ 
0. 00000£ 
0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 
0. 979605 

0.  92505S 
0. 847511 
0.  757719 
0. 663£94 
0.  569268 
0. 479£a9 
0.  396157 
0. 3£ia34 
0.  £57381 
0. £0300£ 
0.  158£2£ 
0.  1££1£1 
0.  0g35A£ 
0. 071£68 
0.  054131 
0. 041085 
0.  031 £3£ 
0.  0£3831 
0.  018287 
0.  014135 
0.  01101B 
0. 008665 
0.  006876, 
0. 005504 
0.  0044421 
0. 003606 
0.  002945 
0. 002416 
0.  001989 
0. 00164£ 
0.  001357 
0. 001 1£3 
0.  000931Z1 
0. 000770 
0.  000637 
0. 000527 
0.  000436, 
0. 000360 
0.  000297 
0. 000244 
0.  000281 
0. 000165 
0.  000135 

0. 000111 
0.  000091 
0. 000074 
0.  000060 
0. 000049 
0.  000041ZI 


V 

m^'^n 

CinXs> 

Dbabi  1  ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

5iZl-/. 

1.993 

2.  181 

£.054 

1.760 

1.986 

20-/< 

3.  365 

3.476 

3.445 

2.  890 

3.  304 

liZiS 

4.308 

4.314 

4.337 

3.581 

4.  143 

^'A 

5.296 

5.  094 

5.  159 

4.  242 

4.953 

!•/. 

8.078 

7.  153 

6.991 

5.687 

7.  iZi35 

V 

^^■^■fc. 

Cm>^s> 

3babi lity 

FALL 

WINTER 

SPRING 

SUMMER 

ONNUflL. 

50-/. 

3.  388 

3.773 

3.482 

2.959 

3.  385 

cliZi-/. 

5.  589 

5.978 

5.763 

4.  800 

5.  534 

liZi-/. 

7.0£0 

7.  328 

7.  166 

5.906 

6.  887 

5-/. 

8.  461 

8.  560 

8.  447 

6.912 

8.  158 

!■/. 

IE. 362 

11.548 

11.310 

9.  101 

11.  21& 

V 

m^'Cftn 

C  in.f3l-&  > 

Dbabi lity 

FPLL 

WINTER 

SPRING 

SUMMER 

PiNNUflL 

50% 

4.459 

4.878 

4.  595 

3.937 

4.443 

£lZi-/ 

7.  528 

7.  776 

7.706 

6.  464 

7.  391 

10-/. 

•     9.636 

9.650 

9.703 

8.011 

9.  £88 

5-/ 

11.848 

11. 396 

11.541 

9.  490 

11.081 

!■/. 

18.071 

16. 001 

15.638 

12.722 

15.  73& 

y^ 

^\^SSk±L. 

C  mpl:^  > 

Dbabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50-/. 

7.  578 

8.440 

7.789 

6.618 

7.572 

£0-/. 

12. 501 

13.373 

12.892 

10.  738 

12.378 

10'/. 

15. 703 

16.393 

16.031 

13. 21 1 

15.  4«G. 

5-/. 

18. 927 

19. 149 

18. 895 

15. 461 

18. 250 

!•/. 

27. 653 

25. 833 

25.300 

20. 358 

25.  izigei 

bl7\sbi33 
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locity    (m/s) 


Probability    Vrnean 


Probability    Vg ust 


iZi. 

00 

iZi. 

50 

1. 

00 

1. 

50 

£. 

00 

50 

WT  • 

00 

3. 

50 

4. 

00 

A. 

50 

5. 

00 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

3. 

00 

g. 

50 

10. 

00 

10. 

50 

11. 

00 

11. 

50 

1£. 

00 

1£. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

le. 

00 

i&. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

50 

19. 

00 

13. 

50 

20. 

00 

£0. 

50 

21. 

00 

£1. 

50 

22. 

00 

22. 

50 

23. 

00 

23. 

50 

24. 

00 

24. 

50 

25. 

00 

7\sn04 

1. 000000 

0. 928173 
0. 755178 
0. 552891 
0. 372149 
0. 237059 
0. 147184 
0. 091454 
0. 057995 
0. 037949 
0. 025705 
0. 017994 
0. 012972 
0. 009597 
0.007267 
0. 005620 
0. 004430 
0. 003552 
0. 002889 
0. 002377 
0.001973 
0.  001649 
0. 001384 
0. 001164 

0. 000981 

0. 000826 
0. 000695 
0. 000584 
0. 000489 

0. 000409 
0. 000341 

0. 000284 
0. 000236 
0. 000195 

0. 000161 

0. 000132 

0. 000108 
0. 000088 
0. 000072 
0. 000059 
0. 000047 

0. 000038 

0. 000031 
0. 000025 
0. 000020 
0. 000016 
0. 000013 
0. 000010 
0. 000008 
0. 000006 
0. 000005 


1. 000000 

0.  976329 
0.  903584- 
810828 
694378 
573576 
458855 
0. 357136 
0.  271868 
0. £03592 
0.  150873 
0.  111299 
0.  082168 
0. 061003 
0.  045721 
0. 034693 
0.  026637 
0. 020848 
0.  016518 
0. 013270 
0.  010796 
0. 008883 
0.  007337 
0. 006215 
0.  005268 
0. 004503 
0.  003877 
0. 003360 
0.  002323 
0. 002567 
0.  002259 
0. 001336 
0.  001768 
0. 001570 
0.  001337 
0. 001245 
0.  001  iiei 

0. 000330 

0.  000883 
0. 000787 
0.  0007acJ 
0. 000626 
0.  000557 
0. 000436 
0.  0004Ai2'.i 
0. 000391 
0.  000347 
0.  000307 
0.  00027£: 

0. 000240 

0.  000212; 


Probabi 1 ity 


51ZI-/: 
2iZi"/. 
liZi% 

1% 


FfiLL     WINTER 


SPRING 


SUMMER 


10. 335 
13. 269 
16. 795 
31. 059 


6.  931 
10. 702 
13. 067 
15. 355 
21. 157 


6.  696 
10. 866 
13. 566 
16. 245 
£2. 559 


8.649 
10.777 
12. 839 
17. 627 


ONNUflL 


50% 

1.651 

1.812 

1.754 

1.397 

1.646 

20-/. 

2.  752 

2.  844 

2.900 

2.293 

2.  706 

10% 

3.578 

3.477 

3.691 

2.886 

3.  423 

5% 

4.  665 

4.  129 

4.  471 

3.477 

4.  199 

l?t 

8.962 

5.774 

6.  420 

4.960 

6.  4421 

v^ 

v»s-t 

<my&y 

Pt^obabi  1  ity 

FALL  ■ 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

2.829 

3.099 

2.993 

2.  409 

£.821 

20% 

4.  620 

4.  784 

4.  858 

3.  866 

4.  534 

10% 

5.932 

5.  841 

6.064 

4.818 

5.  694- 

5% 

7.  508 

6.  864 

7.  262 

5.739 

6.  860 

1% 

13. 884 

9.458 

10. 085 

7.880 

10.  £i39 

Vm 

««r> 

C  mx^l^  > 

Probabi 1 ity 

FPILL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

3.  692 

4.054 

3.  923 

3.  125 

3.682 

20% 

6.  157 

6.  363 

6.488 

5.  129 

6.054 

10% 

8.004 

7.777 

8.257 

6.456 

7.  656 

5% 

10. 435 

9.  236 

10. 001 

7.778 

9.394 

1% 

20. 046 

12.917 

14.361 

11.095 

14.  4i27 

V3 

U£&-tZ. 

C  mp>l-&  > 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

6.3112 
10. 142 
12.  737 
15. 345 
£2.  837 
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IS 

s 

IS 

s 

s 
l>J 

vA 
^ 
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CO 

TT 
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IBOSTCDN       ANNUAL- 


Velocity 

(m 

iZi. 

iZiiZi 

12. 

50 

1. 

1ZI0 

1. 

50 

2. 

00 

--1 

50 

3. 

00 

3. 

50 

A. 

00 

4. 

50 

5. 

00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

9. 

00 

9. 

50 

13. 

00 

121. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

IG. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

50 

19. 

00 

19 

50 

20 

00 

20 

.50 

21 

00 

21 

.50 

22 

.00 

22 

.50 

23 

.00 

23 

.50 

24 

.00 

24 

.  50 

25 

.  00 

\r.bl7\sbi24 

Probability    Vrnean 


j-'rc 


I'babi  I  ity 

1. 

000000 

0. 

970815 

0. 

892203 

0. 

781843 

0. 

658363 

0. 

536550 

0. 

4261125 

0. 

331904 

0. 

2550£& 

0. 

194202 

0. 

147071Z1 

0. 

111028 

0. 

08368S 

0. 

063051 

0. 

047522 

0. 

035860 

0. 

0271iei 

0. 

020544 

0. 

01561S 

0. 

011899 

0. 

00909B 

0. 

006973 

0. 

00536IZ1 

0. 

004129 

0. 

003 18G 

0. 

002462 

0. 

001905 

0. 

001474 

0. 

001  141 

0. 

000883 

0. 

00068£: 

0. 

000527 

0. 

0001407 

0. 

000313 

0. 

000241 

0. 

000185 

0. 

000142 

0. 

000109 

0. 

000083 

0. 

000064 

0. 

000043 

0. 

000037 

0. 

0001028 

0. 

000021 

0. 

00001  & 

0. 

000012 

0. 

00000S 

0. 

000007 

0. 

000005 

0. 

000004 

0. 

000003 

Vg  List 


1. 000000 

0. 895767 
0. 679225 
0. 462925 

0. 300410 

0.  193602 
0. 126250 
0. 083753 
0. 056713 
0. 039310 
0. 027888 
0. 020184 
0. 014828 
0. 010999 
0. 008199 
0. 006122 
0. 004568 

0. 003400 

0. 002523 
0. 001865 
0. 001373 

0. 001007 

0. 000736 
0. 000535 
0. 000388 

0. 000280 
0. 000201 

0. 000144 

0. 000103 

0. 000073 

0. 000052 
0. 000037 
0. 000026 
0. 000018 
0. 000013 
0. 000009 
0. 000006 
0. 000004 
0. 000003 
0. 000002 
0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


babi 1 ity 

FPILL 

WINTER 
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Vim 

^«ax^ 

<m/«> 

bability 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5<d% 

2.  175 

2.513 

2.  198 

1.904 

2.  138 

20% 

3.598 

4.  119 

3.736 

3.206 

3.673 

Hi% 

4.470 

5.044 

4.720 

3.981 

4.  584 

5% 

5.277 

5.862 

5.604 

4.694 

5.404 

1% 

6.884 

7.455 

7.413 

6.052 

7.  057 

%rg 

ia«t 

<iK>^a> 

bability 

FftLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50S 

20% 

10% 

5% 

1% 


ib^bi  1  ity 


3.551 
5.761 
7.085 
8.277 
10.736 


4.  104 
6.562 
7.975 
9.  193 
1 1 . 522 


>/mi 


FALL 


WINTER 


3.611 
5.964 
7.441 
8.774 
11.438 


SPRING 


3.072 
5.005 

6.  172 

7.  180 
9.  168 


SUMMER 


3.561 
5.838 
7.  226 
8.446 
10.  930 


ANNUPL 


50% 

20% 

10% 

5% 

1% 


4.865 

8.049 

10. 000 

11.805 

15.399 


5.622 

9.214 

11.283 

13. 113 

16.676 


4.917 

8.357 

10.559 

12. 535 

16.583 


4.260 
7.  177 
8.904 

10.500 

13.538 


4.894 

8.217 

10.  254 

12.088 

15.  785 


ibabi  1  ity 


FALL     WINTER 


SPRING 


SUMMER 


ANNUAL 


50% 

20% 

10% 

5% 

1% 


7.944 
12.887 
15. 849 
18.514 
24.016 


9.  180 
14.679 
17.840 
20. 564 
25. 773 


8.078 
13.340 
16.646 
19.627 
25. 586 


6.872 
11. 196 
13.807 
16.062 
20. 507 


7.966 
13.059 
16.  IBS 
18.893 
24.  449 
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ANNUAL. 


ocity    (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  00 

0.  50 
1.00 
1.50 
2.00 

2.  50 
3.00 

3.  50 
4.00 

4.  50 
5.00 

5.  50 
6.00 
S.  50 
7.00 

7.  50 
a.  00 

8.  50 
3.00 
9.50 

10.00 
10.50 
11.00 
11.50 
12.00 
12.50 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.  00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 


1 . 000000 
0. 928592 
0.747192 
0. 529368 
0. 340270 
0. 205564 
0. 120262 
0. 069326 
0. 039593 
0. 022408 
0.012576 
0. 007019 
0.003917 
0.  002200 
0.001253 
0.  000728 
0. 000434 
0. 000266 
0.000167 

0.000106 

0. 000069 
0. 000045 
0. 000029 
0.000019 
0. 000012 
0. 000008 

0. 000005 
0. 000003 

0. 000002 
0. 000001 
0. 000001 
O. 000000 

0. 000000 
0. 000000 

0. 000000 

0. 000000 
O. 000000 
0. 000000 

0. 000000 

0. 000000 

0. 000000 
0. 000000 

0. 000000 
0. 000000 
0. 000000 

0.  000000 
0. 000000 
0. 000000 
O. 000000 
O. 000000 
0. 000000 


1.000000 

0.976441 
0.  911294- 
0.813531 
0.  695608 
0. 570782 
0.  45iZi58£ 
0. 343243 
0.  253242: 
0. 181729 
0.  12745S 
0. 087820 
0.  053757 
O. 040354 
0.  027161 
0.018286 
0.012343 
0. 008388 
0.  005743 
0. 003974 
0.  002784- 
0.001980 
0.  001430 
0.001049 
0.  000  78  E' 
0.000591 
0.  000452 
0. 000349 
0.  000271 
0.000212 
0.  O0IZI16& 
0.000130 
0.  000102: 
O. 000080 
0.  000062: 
0.  000049 
0.  O0IZIO3S 
0. 000029 
0.  00OO23 
0.000017 
0.  000013 
0. 000010 

0.  ooooes 

0.  000006 

0.  000004- 
0. 000003 

0.  O0izio0a 

0. 000002 
0.  000001 
0. 000001 
0.  000001 


\3n07 


Vm< 


Probabi 1 ity 


FftLL 


WINTER 


SPRING 


SUMMER 


ANNUAL 


5(Zt% 

1.596 

1.702 

1.635 

1.389 

1.578 

2(D% 

2.  &33 

2.618 

2.637 

2.295 

2.533 

l<d% 

3.361 

3.242 

3.297 

2.875 

3.  199 

5% 

A.  049 

3.857 

3.902 

3.414 

3.825 

1% 

5.677 

5.317 

5.206 

4.545 

5.  23£ 

vs 

UA-fc. 

<m>^A> 

labi  1  ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

5074 

2.810 

3.079 

2.890 

2.418 

2.794 

2074 

4.446 

4.616 

4.519 

3.840 

4.372 

10% 

5.507 

5.525 

5.507 

4.709 

5.  34& 

5-X 

6.560 

6.390 

6.412 

5.477 

6.251 

1* 

9.  180 

8.351 

8.279 

7.  143 

8.  297 

Van 

^«n 

<mpl^> 

>abi  1  ity 

FPLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

20% 

10% 

5S 

1% 


3.570 
5.890 
7.519 
9.058 
12.700 


3.807 
5.856 
7.252 
8.629 
1 1 . 895 


3.657 
5.898 
7.376 
8.728 
11.645 


3.  108 

5.  134 

6.432 

7.636 

10. 167 


3.529 
5.665 
7.  156 
8.556 
11.  783 


Probabi 1 ity 


Vguj 


FALL 


WINTER 


Cwm. 


SPRING 


SUMMER 


ANNUAL 


50% 

6.285 

6.868 

6.464 

5.408 

6.251 

20% 

9.946 

10.325 

10. 109 

8.589 

9.780 

10% 

12.319 

12.359 

12.319 

10. 535 

11.  953 

5% 

14.674 

14.295 

14.343 

12.251 

13.984 

1% 

20. 535 

18.680 

18.519 

15.978 

IB.  559 

\nbl7\sn07 
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BC3STON       ANNUAL. 


Velocity  (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  00 

1. 000000 

0.50 

0. 930037 

1.00 

0. 795S07 

1.50 

0. 659472 

2.00 

0. 538973 

2.  50 

0. 436463 

3.00 

0. 349504 

3.50 

0. 275728 

4.00 

0.213644 

4.50 

0. 162243 

5.00 

0. 120610 

5.50 

0. 087731 

6.00 

0. 062459 

6.  50 

0. 043563 

7.00 

0.029812 

7.50 

0. 020062 

a.  00 

0.013312 

a.  50 

0. 008739 

9.00 

0. 005698 

9.50 

0. 003705 

10.00 

0.002413 

10.50 

0. 001580 

11.00 

0.001044 

11.50 

0. 000698 

12.00 

0. 000473 

12.50 

0. 000325 

13.00 

0. 000226 

13.50 

0.000159 

14.00 

0.000113 

14.50 

0.000081 

15.00 

0. 000058 

15.50 

0. 000042 

IS.  00 

0. 000030 

16.50 

0. 000022 

17.00 

0.000016 

17.50 

0.000011 

la.  00 

0. 000008 

18.50 

0. 000006 

19.00 

0. 000004 

19.50 

0. 000003 

20.00 

0. 000002 

20.50 

0. 000001 

21.00 

0. 000001 

21.50 

0. 000001 

22.00 

0. 000000 

22.50 

0. 000000 

23.00 

0. 000000 

23.  50 

0. 000000 

24. 00       ^  * 

0. 000000 

24. 50       V 

0. 000000 

25.  00 

0. 000000 

\nbl7\sbe7 

1. 000000 

0.978158 
0.  921  743 
0. 843734 
0.  755683 
0. 665468 
0.  578494 
0.  497209 
0.  423186 
0. 356753 
0.  297851 
0.246191 
0.  2013aei 
0. 162969 
0.  130464 
0. 103322 
0.  080970 
0. 062816 
0.  048270 
0. 036769 
0.  02778S 
0. 020660 
0.015570 
0.011572 
0.  008576 
0. 006346 
0.  004696 
0. 003480 
0.  002586 
0.001929 
0.  00 1446 

0. 001090 

0.  000827 
0.  000632 
0.  000486 
0. 000376 
0.  000293 
0. 000229 

0.  000180 
0.000142 
0.000113 

0. 000090 
0.  00007£: 

0. 000057 

0.  0000A6 

0. 000037 

0.  00002S 
0. 000023 

0.  000019 
0. 000015 

0.  000012 


Vjw 

oAn 

Cnk^a> 

^ability 

FfiLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

2.  124 

2.704 

2.206 

1.824 

2.  190 

s^-a 

4.009 

4.780 

4.208 

3.455 

4.  133 

1074 

5.  184 

5.920 

5.467 

4.458 

5.  313 

554 

&.  212 

6.878 

6.572 

5.323 

6.330 

1% 

8.423 

8.722 

8.738 

6.953 

8.  36£ 

vs 

rus-b. 

Cm/a> 

;3abi  lity 

FALL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

3.425 

4.  170 

3.541 

2.927 

3.483 

20% 

5.901 

6.846 

6.  165 

5.070 

6.018 

10% 

7.443 

6.360 

7.819 

6.399 

7.  574- 

5% 

8.854 

9.647 

9.285 

7.550 

8.941 

1% 

12.015 

12. 197 

12.223 

9.843 

11.  7S£ 

Vm 

.»^ra 

<inp>%> 

jability 

POLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.752 

6.048 

4.935 

4.080 

4.899 

20% 

8.969 

10.691 

9.412 

7.730 

9.  245 

10% 

11.597 

13.243 

12.229 

9.972 

11.  ass 

5% 

13.  897 

15.386 

14.701 

11.907 

14. 159 

1% 

18.841 

19.510 

19.545 

15.554 

18.  7e& 

vs 

rxa«t 

<mpl>> 

bability 

1 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

1  -.— — __ 

50% 

7.662 

9.328 

7.920 

6.548 

7.791 

j        20% 

13.200 

15.315 

13.792 

1 1 . 340 

13.462 

10% 

16.650 

18.700 

17.492 

14.315 

16.  943 

5% 

19. 807 

21.579 

20. 770 

16.690 

19.999 

1% 

26. 876 

27. 284 

27. 343 

22.019 

26.  31£ 

17\sb87 
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LO^'rON       ANMUAJL. 


locity    <m/s> 

Probata  i 1 i  t  y   Vmean 

Probability    Vgust 

0.  00 

1. 000000 

1 . 000000 

0.  50 

0.850131 

0. 953026 

1.00 

0.620321 

0.  848573 

1.50 

0.421668 

0. 727321 

2.00 

0. 274777 

0.  606919 

2.  50 

0. 172485 

0. 494708 

3.00 

0. 104126 

0.  394763 

3.50 

0. 060523 

0. 309039 

4.00 

0. 034020 

0.  237821 

4.50 

0.018609 

0. 180222 

5.00 

0. 009980 

0.  134685 

5.50 

0. 005292 

0. 099370 

£.00 

0. 002796 

0.  072425 

6.50 

0.001480 

0.052156 

7.00 

0. 000786 

0.  03710-4 

7.50 

0.000418 

0. 026066 

8.00 

0. 000222 

0.  018077 

8.  50 

0. 000117 

0.012371 

9.00 

0. 000060 

0.  008351 

3.50 

0. 000031 

0. 005560 

10.00 

0.000015 

0.  0O36S1 

10.50 

0. 000007 

0. 002364 

11.00 

0.  000004 

0.001510 

11.50 

0. 000002 

0.000951 

12.00 

0. 000001 

0.  00IZI591 

12.50 

0. 000000 

0. 000363 

13.00 

0. 000000 

0.  000220 

13.50 

0. 000000 

0.000132 

14.00 

0. 000000 

0.  OOiZiOTB 

14.  50 

0. 000000 

0. 000046 

15.00 

0. 000000 

0.  00IZIO27 

15.50 

0. 000000 

0.000015 

16.00 

0. 000000 

0.  000003 

16.50 

0. 000000 

0. 000005 

17.00 

0. 000000 

0.  000003 

17.50 

0. 000000 

0. 000002 

18.00 

0. 000000 

0.  00IZIO01 

16.50 

0. 000000 

0. 000000 

19.00 

0. 000000 

0.  000000 

19.50 

0. 000000 

0. 000000 

20.00 

0. 000000 

0.  O0OO00 

0. 000000 

0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 

0. 000000 
0. 000000 


0. 000000 

0.  000000 
0. 000000 

0.  000000 
0. 000000 
0.  00OO00 
O. 000000 
0.  000000 
0. 000000 
0.  OOOO00 


l:\sn06 


Vnt. 


Probabi 1 ity 


50% 
1% 


FfiLL 


WINTER 


SPRING 


SUMMER 


5.509 

9.649 

12. 220 

14. 5&3 

19. 407 


6.477 

10.819 
13.565 
16.080 
21.051 


5.632 

9.987 

12.751 

15.212 

20. 119 


4.678 

8.  185 

10.368 

12.311 

16.535 


PNNUAL 


50% 

1.303 

1.473 

1.327 

1.  110 

1.303 

20% 

2.384 

2.597 

2.430 

2.014 

2.366 

10% 

3.067 

3.340 

3.  152 

2.623 

3.  047 

59C 

3.706 

3.981 

3.795 

3.  171 

3.699 

1% 

4.991 

5.392 

5.074 

4.347 

4.  993 

vs 

^a•^ 

<m/A> 

Probabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

2.463 

2.896 

2.518 

2.091 

2.476 

20% 

4.314 

4.837 

4.464 

3.659 

4.328 

10% 

5.467 

6.064 

5.700 

4.635 

5.  491 

5% 

6.510 

7.  189 

6.800 

5.504 

6.572 

1% 

8.676 

9.410 

8.994 

7.392 

8.  795 

Vsk 

«>^n 

<mx3l«> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

2.914 

3.294 

2.968 

2.484 

2.914 

20% 

5.332 

5.809 

5.435 

4.504 

5.291 

10% 

6.861 

7.471 

7.051 

5.866 

6.  817 

5% 

8.289 

8.906 

8.488 

7.093 

8.273 

1% 

11. 164 

12.061 

1 1 . 350 

9.724 

11.  18£ 

Vg 

^«t 

<mp>%> 

Probabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

5.540 

9.682 

12.  283 

14.700 

19.  674 
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iaO^'rC3N       AMMUAI^ 


Velocity    (m/s) 


Probability  Vmean 


Probability  Vgust 


iZi.  00 

0.  50 
1.00 

1.  50 

2.00 

2.  50 

3.  00 

3.  50 

4.00 

4.  50 
5.00 

5.  50 

6.  00 

6.  50 
7.00 

7.  50 

8.00 

a.  50 

9.00 

9.  50 

10.00 
10.50 
11.00 

11.50 

12.00 

12.  50 

13.00 

13.  50 

14.00 

14.50 
15.00 
15.50 

16.00 

16.50 

17.00 

17.50 
18.00 
18.50 

19.00 

19.50 

20.00 

20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.  00 
24.50 
25.00 


1. 000000 
0. 895272 
0. 734304 
0.  566504 
0. 415229 
0.291967 
0. 197951 
0. 129721 
0. 082376 
0. 050859 
0. 030639 
0. 018071 
0.010461 
0. 005956 
0. 003340 
0.001847 

0.001009 

0. 000546 
0. 000293 
0. 000156 
0. 000083 

0. 000044 
0. 000023 
0. 000012 

0. 000006 
0. 000003 

0. 000002 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 962859 
0.  887021 
0.793591 
0.  691786 
0. 588000 
0.  4a749£ 
0. 394583 
0.  312230 
0.241898 
0.  183771 
0. 137099 
0.  10057& 
0. 072647 
0.  051730 
0. 036357 
0.  02524S 
0.017342 
0.  011791 
0. 007941 
0.  005300 
0. 003507 
0.  002300 
0. 001495 
0.  00IZI964- 
0. 000616 

0.  000390 

0. 000245 
0.  000152: 

0. 000094 
0.  000 0SS 

0.  000035 

0.  000021 
0. 000013 

0.  00000a 

0. 000005 
0.  000003 

0. 000002 

0.  000001 
0. 000001 

0.  000000 
0. 000000 

0.  000000 
0. 000000 

0.  000000 
0. 000000 

0.  000000 
0. 000000 

0.  000000 
0. 000000 

0.  000000 


\nbl7\sb0a 


Vmean 

<m/a> 

labi  lity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5056 

1.685 

2.035 

1.791 

1.419 

1.720 

sei^ 

2.935 

3.380 

3.  143 

2.474 

2.989 

l(d% 

3.752 

4.  199 

3.950 

3.  185 

3.  814 

5% 

4.  474 

4.925 

4.685 

3.827 

4.521 

1% 

6.048 

6.490 

6.  144 

5.  182 

6.  051 

Vg 

rvi-^-t. 

<m/a> 

abi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

2.897 

3.476 

3.027 

2.456 

2.938 

2^% 

4.765 

5.  472 

5.056 

4.043 

4.860 

12% 

5.898 

6.655 

6.260 

5.004 

6.  010 

5% 

6.931 

7.702 

7.309 

5.895 

7.056 

1% 

9.  136 

9.874 

9.424 

7.749 

9.  £33 

Vm 

.»«» 

<mp>^> 

abi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5(d% 

3.770 

4.552 

4.006 

3.  175 

3.847 

S2% 

6.564 

7.561 

7.030 

5.534 

6.686 

10% 

8.393 

9.394 

8.836 

7.  124 

8.  531 

5% 

10.008 

11.017 

10.480 

8.560 

10. 114 

1% 

13.529 

14.518 

13.743 

11.592 

13.  53& 

Vg 

x^«t 

<mF»t>> 

labi  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

6.479 

7.775 

6.772 

5.493 

6.572 

20% 

10.658 

12.240 

11.311 

9.044 

10.872 

10% 

13. 194 

14.886 

14.003 

11. 194 

13.  4A5 

5% 

15.504 

17.229 

16.351 

13. 186 

15.784 

1% 

20. 436 

22. 088 

21.081 

17. 334 

20.  653 
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s 
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CO 
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/locity    <m/s) 


Probability   Vmean 


Probability  Vgust 


0.  0(9 
0.  50 
1.00 

1.50 

2.00 

2.  50 

3.00 

3.50 

4.00 

4.  50 

5.00 

5.  50 

6.00 

6.50 

7.00 

7.50 

8.00 

8.  50 

9.00 

g.  50 

10.00 
10.50 
11.00 

11.50 
12.  00 
12.50 

13.00 

13.50 
14.00 
14.50 

15.00 

15.50 
1&.  00 
18.50 
17.00 
17.50 

18.  00 
18.50 

19.  00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.  00 
24.50 
25.00 


1 . 000000 

0.964186 
0.872010 
0. 747533 
0.614222 
0. 488487 
0. 378864 
0. 287976 
0.215075 
0. 158005 
0. 114251 
0.081372 
0.057146 
0. 039635 
0. 027204 
0.018524 
0.012552 
0. 008491 
0. 005756 
0. 003922 
0. 002696 
0.001873 
0.001317 
0. 000938 
0. 000676 
0. 000492 
0.000361 
0. 000267 
0.000198 

0.000148 

0.000110 
0. 000082 

0.000061 

0. 000045 
0. 000034 
0. 000025 

0.000018 
0. 000013 
0. 000010 
0. 000007 

0. 000005 
0. 000004 
0. 000003 

0. 000002 

0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1 . 000000 
0. 987280 

0.  952855 
0. 900575 
0.  835043 
0.761008 
0.  682 SeE' 
0. 604055 
0.  527615 
0. 455571 
0.  389313 
0. 329622 
0.  276779 
0. 230686 
0.  190984- 
0. 157157 
0.  128687 
0.  104713 
0.  084865 
0. 068492 
0.  055070 
0.044128 
0.  035255 
0. 028094 
0.  022338 
0.  017729 
0.  014052: 
0.011126 
0.  008805 
0. 006966 
0.  005514- 
0. 004367 
0.  00346E' 
0. 002749 
0.  002187 
0.001743 
0.  001393 
0. 001116 
0.  0008g& 
0. 000722 
0.  000583 
0. 000473 
0.  000384- 

0. 000313 

0.  000255 

0. 000209 
0.  000171 
0. 000141 
0.  000115 

0. 000095 

0.  000076 


7\Bn09 


Probata i lity 


FALL 


WINTER 


<m/A> 


SPRING 


SUMMER 


PNNUAL 


50* 

2.498 

2.665 

2.558 

2.  130 

2.454 

20* 

4.290 

4.340 

4.279 

3.609 

4.  132 

10* 

5.450 

5.431 

5.351 

4.546 

5.217 

5* 

6.527 

6.444 

6.312 

5.391 

6.204 

1* 

8.994 

8.598 

8.242 

7.050 

8.  314- 

Prot 

labi  lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50* 

4.245 

4.598 

4.335 

3.629 

4.  192 

20* 

7.073 

7.293 

7.084 

6.026 

6.886 

10* 

8.952 

9.022 

8.793 

7.581 

a.  619 

5* 

10.741 

10.673 

10.336 

8.987 

10.232 

1* 

14.774 

14.303 

13.545 

1 1 . 868 

13.  7A3 

Probata! 1 ity 


FALL 


WINTER 


SPRING 


SUMMER 


ANNUAL 


50* 

5.588 

5.961 

5.721 

4.764 

5.490 

20* 

9.596 

9.708 

9.572 

8.073 

9.243 

10* 

12. 192 

12.  149 

11.971 

10. 168 

11.  669 

5* 

14.601 

14.415 

14. 119 

12.059 

13.878 

1* 

20. 118 

19.233 

18.436 

15.771 

18.  598 

Vg 

^-t 

<mp»>> 

•obability 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50* 

20* 

10* 

5* 

1* 


9.496 
15.821 
20. 025 
24. 027 
33.048 


10.286 
16.313 
20. 181 
23. 875 
31.995 


9.698 
15.847 
19.669 
23. 120 
30. 300 


8.  117 
13.479 
16.958 
20. 103 
26. 548 


9.376 

15.405 
19.  £80 
22. 888 
30.  741 
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Velocity  (m/s) 


Probability  Vmean 


Probability  Vgust 


0. 

00 

0. 

50 

1. 

00 

1. 

50 

2. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 

A. 

50 

5. 

00 

5. 

50 

&. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

8. 

50 

9. 

00 

9. 

50 

10. 

00 

10. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

1&. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

50 

19. 

00 

19. 

50 

20. 

00 

20. 

,50 

21. 

,00 

21. 

,50 

22. 

,00 

22. 

,50 

23. 

,00 

23. 

.50 

24. 

,00 

24. 

.50 

25. 

,00 

\n 

ibl7\sb89 

1. 000000 

0. 961903 
0. 865468 
0.  735957 
0.  597658 
0.468018 
0. 356647 
0. 266701 
0. 197076 
0. 144615 
0. 105701 
0. 077082 
0.056133 
0. 040644 
0. 029707 
0.021608 
0.015723 
0.011448 
0. 008344 
0. 006087 
0. 004445 
0. 003249 
0. 002377 

0.001740 

0.001274 
0. 000933 
0. 000683 
0. 000500 
0. 000366 
0. 000268 

0.000196 
0.000144 
0.000105 
0. 000077 
0. 000056 

0. 000041 

0. 000030 
0. 000022 

0.000016 

0. 000012 
0. 000009 
0. 000006 
0. 000005 

0. 000003 

0. 000002 
0. 000002 
0. 000001 
0. 000001 
0. 000001 
0. 000001 
0. 000000 


1 . 000000 

0. 966682 
0.  95126G 
0. 897940 
0.  83144£ 
0.756561 
0.  67761& 
0.598214 
0.  521  199 
0. 448688 
0.  382128 
0. 322362 
0.  269714- 
0. 224093 
0.  185108 
0. 152176 
0.  124617 
0. 101727 
0.  082625 
0. 067289 
0.  0S456& 
0.044175 
0.  03571E 
0. 028833 
0.  0S32S£ 
0.018734 
0.015081 
0.  012134 
0.  009759 
0. 007848 
0.  0e&31E 
0. 005079 
0.  004089 
0. 003295 
0.  002659 
0.002148 
0.  001738 

0.001409 

0.  001  145 
0.  000932 
0.  0e076ei 
0. 000622 

0.  00051iZl 

0. 000419 
0.  000345 
0. 000265 

0.  00023& 
0.000196 

0.  000163 

0.000135 
0.  000113 


Van 

an 

Cm/A> 

ability 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNLWL 

50% 

2. 

399 

2. 

584 

2. 

432 

2. 

094 

2. 

377 

30% 

4. 

HI 

4. 

156 

4. 

078 

3. 

582 

3. 

979 

10% 

5. 

336 

5. 

264 

5. 

210 

4. 

586 

5. 

100 

S% 

&. 

523 

6. 

369 

6. 

312 

5. 

516 

6. 

201 

1% 

9. 

377 

8. 

905 

8. 

820 

7. 

571 

8. 

733 

vq 

ria4 

-t 

<m>^a> 

lability 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

5054 

4. 

178 

4. 

556 

4. 

248 

3. 

628 

4. 

146 

20% 

6. 

965 

7. 

182 

6. 

972 

6. 

039 

6. 

809 

10% 

a. 

874 

a. 

909 

8. 

730 

7. 

611 

8. 

546 

5% 

10. 

719 

10. 

595 

10. 

378 

9. 

047 

10. 

220 

1% 

14. 

974 

14. 

349 

14. 

002 

12. 

041 

13. 

949 

^^m 

:^4 

an 

<akptii> 

labi  1  ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50-X 

5. 

365 

5. 

780 

5. 

440 

4. 

685 

5. 

316 

20% 

9. 

196 

9. 

297 

9. 

123 

8. 

014 

8. 

901 

10% 

11. 

937 

11. 

775 

11. 

654 

10. 

258 

11. 

407 

5% 

14. 

592 

14. 

247 

14. 

119 

12. 

339 

13. 

870 

1% 

S0. 

975 

19. 

920 

19. 
Cm] 

729 

16. 

935 

19. 

536 

)ability 

FfiLL 

WINTER 

SPRING 

SUMMER 

PNNUAL 

50% 

9. 

346 

10. 

192 

9. 

502 

8. 

115 

9. 

275 

20% 

15. 

580 

16. 

067 

15. 

595 

13. 

509 

15. 

231 

10% 

19. 

852 

19. 

930 

19. 

528 

17. 

025 

19. 

116 

5% 

23. 

977 

23. 

700 

23. 

216 

20. 

238 

22. 

861 

1% 

33. 

496 

32. 

098 

31. 

322 

26. 

934 

31. 

284 
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CM 
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l^OSTON   ANNUAL 


locity  (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  00 

0.  50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5.00 

5.  50 

6.  00 
6.50 

7.00 

7.50 
8.00 

8.  50 

9.00 

9.  50 

10.00 

10.50 

11.00 

11.50 

12.00 

12.50 

13.00 

13.50 
14.00 
14.50 
15.00 
15.50 

18.00 

16.50 
17.00 
17.50 

18.00 

18.50 

19.00 

19.50 
20.00 
20.50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.  00 
24.  50 
25.00 


1. 000000 

0. 946244 
0.851726 
0. 747950 
0. 642394 
0. 540233 
0. 445580 
0.361197 
0.288321 
0. 226932 
0. 176232 
0. 135058 
0. 102139 
0. 076225 
0.056141 
0. 040821 
0.029314 

0. 020800 

0.014592 
0.  010126 
0.  006954 
0.  004729 
0.003185 
0.  002125 
0.  001404 
0.  000919 
0.  000596 
0.  000382 
0.  000243 
0.  000152 
0. 000094 

0. 000058 

0. 000035 
0. 000021 
0. 000012 
0. 000007 
0. 000004 
0. 000002 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 982566 
0.941576 
0. 887509 
0.  826789 
0. 762636 
0.  696928 
0.631110 
0.  566401 
0. 503850 
0.  444333 
0. 388547 
0.  336993 
0. 289974 
0.  247613 
0. 209877 
0.  17661£ 
0. 147571 
0.  122449 
0. 100906 
0.  082585 
0.067130 
0.  054197 
0. 043458 
0.034611 
0. 027377 
0.  0215Oa 
0.016783 
0.  0130ea 
0.  010014' 
0.  0076Sa 
0.005816 
0.  004391 
0. 003293 
0.  002453 
0.  001816 
0.  00133& 
0. 000977 

0.  000709 

0. 000512 
0.  000367 
0. 000262 
0.  000  18& 
0.  000131 
0.  000091 
0. 000064 
0.  000044 
0. 000030 
0.  000021 
0. 000014 
0.  000009 


7\snl0 


\I^&^n. 

<m/a> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50S 

2.702 

3.215 

2.758 

2.272 

2.713 

2Z-A 

4.  S70 

5.449 

4.923 

3.962 

4.766 

lOS 

5.896 

6.796 

6.263 

5.018 

6.  041 

5S 

6.968 

7.945 

7.446 

5.967 

7.  200 

1% 

9.267 

10.251 

9.874 

7.899 

9.  520 

Vgua-fc. 

<m>^a> 

Probabi lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50^ 

4.521 

5.390 

4.599 

3.790 

4.532 

£0-/ 

7.492 

8.733 

7.903 

6.371 

7.648 

10% 

9.281 

10.676 

9.874 

7.918 

9.  525 

5-X 

10.849 

12. 343 

11.601 

9.289 

11. 195 

1% 

13.993 

15.566 

15.037 

12. 005 

14.  583 

Vw 

>«<>» 

<mpt%> 

Probabi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

6.043 

7.  192 

6.  169 

5.081 

6.068 

20S 

10.446 

12. 188 

11.012 

6.662 

10.660 

10% 

13. 189 

15.203 

14.011 

11.225 

13.  514 

5% 

15.631 

17.772 

16.656 

13.347 

16. 107 

1% 

20. 730 

22. 930 

22. 088 

17.670 

21.  295 

Vgua-t=. 

<mp]t>> 

Probabi lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

10. 112 

12.056 

10.289 

8.479 

10.  139 

20% 

16.760 

19.536 

17.679 

14.252 

17. 109 

10% 

20. 760 

23. 882 

22. 087 

17.711 

21.  38& 

5% 

24. 269 

27.610 

25.951 

20. 779 

25. 043 

1% 

31.302 

34.819 

33. 636 

26. 855 

32.  44£ 
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Velocity  (m/s) 


Probability  Vmean 


Probability  Vgust 


0. 

00 

0. 

50 

1. 

00 

1. 

50 

S. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 

4. 

50 

5. 

00 

5. 

50 

&. 

00 

&. 

50 

7. 

00 

7. 

50 

a. 

00 

a. 

50 

9. 

00 

9. 

50 

10. 

00 

10. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

16. 

50 

17. 

00 

17. 

50 

la. 

00 

18. 

50 

19. 

00 

19. 

50 

20. 

00 

20. 

50 

21. 

00 

21. 

50 

22. 

00 

22. 

50 

23. 

00 

23. 

50 

24. 

00 

24. 

50 

25. 

00 

\ 

nbl7\sbiei 

1. 000000 

0.934154 
0.aill&0 
0.682173 
0.561244 
0. 452500 
0. 357950 
0. 278394 
0.213312 
0. 161231 
0. 120275 
0. 068559 
0. 064364 
0.  046191 
0. 032750 
0. 022960 
0.015928 
0.010943 
0. 007449 
0. 005025 
0. 003359 
0. 002224 
0.001457 
0. 000945 

0. 000605 

0. 000383 
0. 000240 

0.000148 
0. 000090 
0. 000054 

0. 000032 
0.000019 
0. 000011 
0. 000006 
0. 000003 

0. 000002 

0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1 . 000000 
0. 980196 

0.  933229 
0. 870676 
0.  801  10& 
0. 729686 
0.  659045 
0. 590454 
0.  524638 
0.462159 
0.  403539 
0. 349202 
0.  299529 
0. 254722 
0.  214831 
0. 179758 
0.  149281 
0. 123082 
0.  100787 
0.081989 
0.  066279 
0. 053255 
0.  04254a 
0. 033793 
0.  02&69S 
0. 020982 
0.  01&49a 
0.012768 
0.  009889 
0. 007625 
0.  005653 
0. 004473 
0.  003494- 
0. 002580 
0.  0019A7 
0.001463 
0.  001034- 

0.000815 

0.  000604 
0. 000446 
0.  000327 
0. 000239 
0.  000174- 

0.000125 
0.  000090 

0. 000064 

0.  00004& 

0. 000032 
0.  000023 
0. 000016 
0.  000011 


Vm 

leAn 

<m/a> 

bability 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

2.252 

2.754 

2.327 

1.892 

2.282 

20% 

4.021 

4.790 

4.312 

3.369 

4.  128 

10% 

5.  166 

6.027 

5.538 

4.308 

5.  320 

5% 

6.202 

7.  123 

6.658 

5.  165 

6.395 

a.  395 

9.333 

8.932 

6.975 

8.  635 

vs 

rv&.c»-li. 

Cm>^A> 

bability 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

4.  148 

5.053 

4.258 

3.496 

4.  197 

£0% 

7.044 

8.259 

7.491 

5.958 

7.211 

10% 

8.783 

10. 131 

9.401 

7.421 

9.  0a  1 

5% 

10.328 

1 1 . 772 

1 1 . 072 

8.726 

10.652 

1% 

13.552 

15.053 

14.465 

11.420 

13.  981 

Vm 

t»<»» 

<mpl^> 

bability 

FfiLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

5.037 

6.  162 

5.205 

4.232 

5.  104 

20% 

8.996 

10.715 

9.645 

7.535 

9.  234 

10% 

11.555 

13.482 

12.389 

9.638 

11.  g«ei 

5% 

13.873 

15.934 

14.894 

1 1 . 553 

14.306 

1% 

18.780 

20.876 

19.981 

15.604 

19.  31& 

Vgua-^ 

<mpl>> 

sability 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

9.280 

11.302 

9.525 

7.820 

9.389 

20% 

15.756 

18.474 

16.757 

13.327 

16. 132 

10% 

19.647 

22. 663 

21.029 

16.600 

£0.  179 

5% 

23. 104 

26. 334 

24. 768 

19.519 

23.  828 

1% 

30.315 

33. 673 

32. 357 

25. 545 

31.  S74 
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BOST'OM      ANMUAI^ 


Mocity    (m/s) 


Probability    Vmean 


Probability    Vg ust 


0.  00 
0.  50 

1.00 

1.50 

2.00 

2.50 
3.00 

3.  50 

4.00 

4.  50 

5.00 

5.  50 

8.00 

6.  50 

7.00 

7.50 
6.00 

8.  50 

9.00 

9.  50 

10.00 

10.50 

11.00 

11.  50 
12.00 

12.  50 

13.00 

13.  50 

14.00 

14.50 
15.00 
15.  50 

16.00 

16.50 
17.00 
17.50 

18.00 

18.50 

19.00 

19.50 

20.00 

20.50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 


1. 000000 

0. 951379 
0. 863497 
0.781072 
0. 702886 
0. 625428 
0. 549323 
0.  476096 
0.407151 
0. 343544 
0. 285975 
0. 234833 
0. 190231 
0.  152039 
0. 119924 
0.  093391 
0.071841 
0. 054625 
0.041084 
0. 030590 
0.022571 
0.016521 
0.012011 
0. 008684 
0. 006253 
0. 004490 
0. 003220 
0. 002308 
0.001656 
0.001190 
0. 000857 
0. 000618 
0. 000447 
0. 000324 
0. 000235 
0. 000170 
0.000124 
0. 000090 

0. 000065 
0. 000047 
0. 000034 

0.  000024 

0. 000018 

0. 000013 
0. 000009 
0. 000006 
0. 000005 
0. 000003 
0. 000002 
0. 000002 
0. 000001 


1. 000000 

0. 983467 

0.  94iagi 

0.885918 
0.  824374- 
0.761878 
0.  699817 
0. 638375 
0.  577743 
0.518428 
0.  461077 
0.  406376 
0.  354928 
0.  307198 
0.263515 
0. 224050 
0.  188643 
0. 157813 
0.  130784 
0. 107507 
0.  087680 
0. 070970 
0.  057030 
0.045515 
0.  03&09E: 
0. 028449 
0.  02£3e£ 
0.017396 
0.  0135iei 
0.  010452 

0.  008060 

0. 006198 
0.  004756 
0. 003643 
0.  002787 

0.002130 

0.  001627 
0.001242 
0.  00094S 
0. 000723 

0.  000551 

0. 000420 

0.  000320 

0. 000244 
0.  000185 
0. 000141 
0.  000107 
0.000081 
0.  000061 

0. 000047 
0.  000035 


Probabi lity 


50% 

5% 
1% 


FPILL 


WINTER 


SPRING 


SUMMER 


10.273 
17.204 
21.211 
24.761 
32. 105 


12.327 
19.618 
23.  760 
27. 397 
35. 043 


10.477 
la. 088 
22. 404 
26. 122 
33.  355 


8.873 
15.013 
18.580 
21.703 
27. 987 


ANNUAL 


50% 

3.254 

4.014 

3.375 

2.808 

3.337 

20% 

5.753 

6.676 

6.  102 

4.962 

5.890 

10% 

7.  191 

8.  179 

7.653 

6.227 

7.  375 

5% 

8.439 

9.470 

8.969 

7.321 

8.671 

1% 

1 1 . 026 

12. 181 

1 1 . 558 

9.524 

11.  38£ 

Vg 
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Probabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.592 

5.511 

4.684 

3.967 

4.661 

20% 

7.691 

8.770 

8.086 

6.711 

7.842 

10% 

9.482 

10.622 

10.016 

8.306 

9.  689 

5% 

1 1 . 069 

12.248 

1 1 . 678 

9.702 

11.305 

1% 

14.352 

15.666 

14.911 

12.511 

14.  595 

Vm 

^«n 

<mpl^> 

Probabil ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50%  . 

7.280 

8.978 

7.550 

6.281 

7.464 

20% 

12.869 

14.934 

13.649 

11. 100 

13. 177 

10% 

16.086 

18.296 

17. 120 

13.929 

16.  498 

5% 

18.877 

21. 184 

20. 063 

16.377 

19.396 

1% 

24. 665 

27. 249 

25. 855 

21.305 

25.  28£ 

vs 
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Cmp>>> 

Probabi lity 

FftLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

10.426 
17.541 
21.  674- 
25.  289 
32.  647 
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Velocity  <m/s) 


Probability  Vmean 


Probability  Vgust 


0.  0I2> 

0.  50 

1.  00 
1.50 

2.00 

2.50 

3.00 

3.50 
4.00 
4.50 
5.00 
5.50 

6.00 

6.  50 
7.00 
7.50 

8.  00 
a.  50 

9.00 

9.  50 
10.00 

10.50 
11.00 

11.50 
12.00 
12.50 

13.00 

13.  50 

14.00 

14.  50 
15.00 

15.  50 

16.00 

16.50 

17.00 

17.50 

18.00 

18.  50 

19.00 

19.  50 

20.00 

20.  50 

21.00 

21.50 
22.00 
22.50 
23.00 

23.  50 

24.  00 
24.50 
25.00 


1 . 000000 

0. 955158 
0.871685 
0. 788681 
0. 709975 
0. 632797 
0. 557092 
0.484162 
0.415383 
0.351842 
0. 294275 
0. 243086 
0. 198376 
0. 159996 
0. 127594 
0. 100672 
0. 078638 
0. 0&08&1 
0. 046708 
0. 035579 
0. 026925 
0. 020264 
0.015183 
0.011338 
0. 008447 
0. 006284 
0. 004672 
0. 003475 
0. 002586 
0.001927 
0.001437 
0. 001074 

0. 000803 

0. 000601 
0. 000450 
0. 000337 
0. 000252 

0.000188 
0.000141 

0. 000105 
0. 000078 
0. 000058 

0. 000043 

0. 000032 

0. 000024 
0. 000017 
0. 000013 

0. 000009 

0. 000007 
0. 000005 
0. 000004 


1. 000000 

0. 984303 
0.  945637 
0. 892955 
0.  833484 
0.771762 
0.  709911 
0. 648754 
0.  588785 
0.530180 
0.  473678 
0.419732 
0.  368847 
0.321442 
0.  277 82& 
0.238187 
0.  202590 
0. 170993 
0.  14325& 
0. 119168 
0.  098461 
0. 080833 
0.  065965 
0. 053532 
0.043221 
0. 034735 
0.  027799 
0.022168 
0.  01762S 
0.013971 
0.  0110S£ 
0. 008727 
0.  00&88£ 
0. 005421 
0.  004267 
0. 003356 
0.  002633 
0.  002074 
0.  001629 
0. 001279 
0.  001004 
0. 000788 
0.  000617 
0. 000484 
0.  000378 
0. 000296 
0.  000231 
0. 000180 

0.  000140 
0. 000109 
0.  000085 
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(ability 

FALL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

3.316 

4.050 

3.421 

2.870 

3.391 

20% 

5.870 

6.724 

6.  195 

5.084 

5.982 

10% 

7.385 

8.269 

7.791 

6.405 

7.  515 

556 

8.747 

9.632 

9.  171 

7.580 

8.884 

1% 

1 1 . 649 

12.575 

11.926 

10.042 

11.  731 

Vgvaa-k. 

Cm/a> 

ability 

FftLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

4.710 

5.604 

4.787 

4.071 

4.767 

20% 

7.916 

8.929 

8.288 

6.922 

8.041 

10% 

9.819 

10.847 

10.296 

8.610 

9.  963 

5% 

11.517 

12. 547 

12.019 

10. 110 

11.671 

1% 

15. 144 

16.297 

15.466 

13.214 

15.  ??& 

VmeAn 

C  mpt^  > 

ability 

POLL 

WINTER 

SPRING 

SUMMER 

PlNNUflL 

50% 

7.418 

9.060 

7.652 

6.421 

7.586 

20% 

13. 131 

15.042 

13.858 

11.372 

13.381 

10% 

16.519 

18.497 

17.428 

14.329 

16.  an 

5% 

19.567 

21.545 

20.515 

16.957 

19.872 

1% 

26. 057 

28. 130 

26. 677 

22. 464 

26.  eAS 

Vgua-li. 

Cinpl>> 

ability 

POLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

10.535 

12.535 

10.709 

9.  107 

10.664 

20% 

17.707 

19.974 

18.539 

15.483 

17.987 

10% 

21.966 

24. 264 

23. 032 

19.260 

22.  £8& 

5% 

25. 762 

28. 067 

26. 887 

22.615 

26.  108 

1% 

33. 877 

36. 456 

34. 598 

29. 559 

34.  060 
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CD 

BOSTON   ANNUAL^ 

locity  (m/s) 

Probability  Vmean 

Probability  Vg 

9.  00 

1 . 000000 

1.000000 

0.50 

0.  927623 

0. 973920 

1.00 

0. 822887 

0.917518 

1.50 

0. 70A577 

0. 85063A 

2.00 

0. 588703 

0.  777863 

2.50 

0. A8A702 

0.701302 

3.00 

0. 39A582 

0.  62A581 

3.50 

0.317958 

0. 550593 

A.  00 

0. 253958 

0.  AS  1535 

A.  50 

0. 201AA8 

0.  A1829A 

5.00 

0. 15902A 

0.  361287 

5.50 

0. 125130 

0. 3102AA 

6.00 

0. 098230 

0.265175 

6.-50 

0. 0769A7 

0. 225657 

7.00 

0.060127 

0.  191276 

7.50 

0. 0A66A2 

0.  161577 

8.  00 

0. 036363 

0.  136083 

8.50 

0.028116 

0. 11A317 

9.00 

0. 0216A8 

0.095817 

9.50 

0.016595 

0. 0801Aa 

10.00 

0.012668 

0.  066915 

10.50 

0. 009630 

0. 055763 

11.00 

0. 007293 

0.046381 

11.50 

0. 00550A 

0. 038503 

12.00 

0. 00A1A1 

0.031897 

12.50 

0.003108 

0. 026366 

13.00 

0. 002329 

0.  02174S 

13.50 

0. 0017A2 

0.017893 

14.00 

0.001303 

0.  01A687 

lA.  50 

0. 000975 

0.012027 

15.00 

0. 000730 

0.  009825 

15.  50 

0. 0005A7 

0. 008007 

16.00 

0. 000A11 

0.  006511 

16.  50 

0. 000309 

0. 005282 

17.00 

0. 00023A 

0.  00A277 

17.50 

0.000177 

0. 003A56 

18.00 

0.00013A 

0.  00278B 

18.50 

0.000102 

0. 0022A5 

19.00 

0. 000078 

0.  001805 

19.50 

0. 000059 

0. 001AA9 

20.00 

0. 0000A5 

0.  001  162: 

20.50 

0. 000035 

0.000931 

21.00 

0. 000027 

0.  0007A5 

21.50 

0. 000020 

0. 000596 

22.00 

0. 000016 

0.  000 A77 

22.50 

0.000012 

0.000381 

23.00 

0.  000009 

0.  000305 

23.50 

0. 000007 

0. 0002A3 

2A. 00        ^ 

0. 000005 

0.  00019A- 

2A.  50        .'< 

0. 00000A 

0.000155 

25.  00 

0. 000003 

0.000124- 

Probabi 1 ity 


POLL 


WINTER 


SPRING 


SUMMER 


ANNUPL. 


10% 
5% 
IS 


2.  A15 
4.628 
6.253 
7.820 
11.210 


2.668 
4.785 
6.211 
7.622 
10.749 


2.415 
4.526 
5.968 
7.380 
10.428 


2.230 
4.  148 
5.454 
6.689 
9.  164 


2.426 
4.517 
5.  967 
7.381 
10.  439 


Probabi 1 ity 


50% 

20% 

10% 

5% 

1% 


FALL     WINTER 


SPRING 


SUMMER 


8.619 
15. 640 
20. 626 
25. 342 
35. 293 


9.587 
16.348 
20. 767 
25. 104 
34. 860 


8.645 
15.445 
19.968 
24.254 
33. 430 


7.793 
13.973 
18.067 
21.861 
29. 504 


PlNNUflL 


50% 

3.853 

4.286 

3.864 

3.484 

3.866 

20% 

6.992 

7.308 

6.905 

6.247 

6.873 

10% 

9.221 

9.284 

8.926 

8.077 

a.  887 

5% 

1 1 .  329 

11.223 

10.843 

9.773 

10.807 

1% 

15.777 

15.584 

14.945 

13. 189 

14.  960 
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Probabi 1 ity 
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WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

5.403 

5.968 

5.402 

4.989 

5.428 

20% 

10.353 

10.705 

10. 123 

9.278 

10. 104 

10% 

13.987 

13.893 

13.350 

12.200 

13.  348 

5% 

17.494 

17.051 

16.510 

14.963 

16.511 

1% 

25. 076 

24. 045 

23. 327 

20. 499 

23.  35£ 

V9us-I=. 

C  mpl%> 

Probabil ity 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

8.649 
15.375 
19.  880 
24. 175 
33.  465 
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Velocity  (m/s) 


Probability  Vmean 


Probability  Vg ust 


iZi. 

00 
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50 

1. 

00 

1. 

50 

2. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 
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50 
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00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

9. 

00 

9. 

50 

10. 

00 

lei. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

1&. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

,50 

19. 

00 

19. 

,  50 

20. 

.00 

20. 

,50 

21. 

00 

21. 

,50 

22. 

,  00 

22. 

,50 

23. 

,  00 

23. 

.50 

24. 

,00 

24. 

.50 

25. 

,  00 

1. 000000 

0. 928902 
0.815290 
0. 694572 
0.575183 
0. 465365 
0.370219 
0.291636 
0.229610 
0. 181259 
0. 143930 
0. 114954 
0.092183 
0. 074036 
0. 059406 
0. 047529 
0. 037863 

0. 030007 

0. 023648 
0. 018529 
0.014434 

0. 011181 

0.008614 
0. 006604 
0. 005039 
0. 003828 
0. 002898 
0. 002188 
0.001647 
0. 001238 
0. 000930 
0. 000698 
0. 000524 
0. 000394 
0. 000296 
0. 000223 
0. 000169 
0. 000128 
0. 000097 

0. 000073 
0. 000056 
0. 000043 

0. 000033 
0. 000025 
0.000019 
0. 000014 
0. 000011 
0. 000008 
0. 000006 
0. 000005 

0. 000004 


1 . 000000 

0. 976244 
0.  913983 
0. 848847 
0.  772307 
0. 694093 
0.  616541 
0.541753 
0.  471439 
0. 406799 
0.  34854£ 
0. 296945 
0.  251919 
0.213097 
0.  179925 
0. 151759 
0.  127933 
0.  107811 
0.  09iZia20 
0. 076460 
0.  064309 
0.054015 
0.  04528a 
0. 037888 
0.  031619 
0.026314 
0.  02183& 
0. 018064 
0.  014893 
0. 012249 
0.  0100A0 
0. 008205 
0.  006687" 
0. 005435 
0.  004403 
0. 003563 
0.  002873 
0.002316 
0.  00186E: 
0.001495 
0.  001  199 
0. 000961 
0.  000769 
0. 000616 
0.  00IZI493 
0. 000394 

0.  000313 

0. 000253 
0.  000203 
0. 000163 
0.  000131 
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WINTER 
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2.327 

2.592 

2.348 

2.  Ill 

2.342 
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4.398 

4.501 

4.312 

3.955 

4.  306 

10S 

&.  156 

5.978 

5.801 

5.382 

5.  828 
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7.905 

7.592 

7.367 

6.742 

7.396 

11.508 

1 1  .  000 

10.766 

9.383 
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SPRING 

SUMMER 

ANNUAL 

50< 

3.779 

4.236 

3.809 

3.391 

3.797 

aei% 

6.799 

7.  137 

6.719 

6.069 

6.697 

10% 

9.059 

9.  126 

8.741 

7.946 

a.  730 

5% 

11.275 

11. 146 

10.766 

9.700 

10.730 

1% 

15. 860 

15.519 
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13. 133 
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FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

5.205 

5.798 

5.253 

4.722 

5.240 

20% 

9.839 

10.068 

9.645 

8.847 

9.633 

10% 

13.771 

13.373 

12. 977 

12.040 

13.  038 

5% 

17.683 

16.984 

16.479 

15.082 

16.544 

1% 

25. 742 

24. 606 
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20. 989 

24.  00£ 
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8.453 
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7.586 

8.493 

20% 

15.208 

15.964 

15.029 

13.577 

14.982 

10% 

20. 264 

20.415 

19.552 

17.774 

19.  528 

5% 

25. 222 

24. 934 

24. 082 

21.699 

24. 002 

1% 

35. 478 

34.715 

33. 958 

29. 378 

33.  579 
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ocity  (m/s) 

0.  00 

0.  50 

1.00 

1.50 

2.00 

£.50 

3.00 

3.50 

4.00 

4.50 

5.00 

5.  50 

£.00 

6.  50 

7.  00 

7.50 

a.  00 

8.  50 

9.00 

3.  50 

10.00 

10.50 

11.00 

11.50 

12.00 

12.50 

13.00 

13.50 

14.00 

14.50 

15.00 

15.50 

16.00 

16.50 

17.00 

17.50 

18.00 

18.50 

19.  00 

19.50 

20.00 

20.  50 

21.00 

21.  50 

22.00 

22.  50 

23.00 

23.50 

24.00 

•» 

24.50 

V 

25.  00 

Probability  Vmean 


1. 000000 

0. 875228 
0.674615 
0. 490340 
0. 340468 
0. 228466 
0. 149108 
0. 094935 
0. 059096 
0. 036062 
0.021653 
0. 012855 
0. 007587 
0. 004475 
0. 002648 
0.001575 
0. 000942 
0. 000565 
0. 000339 

0. 000203 

0. 000122 

0. 000073 

0. 000043 
0. 000026 
0. 000015 

0. 000009 
0. 000005 
0. 000003 
0. 000002 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 

0.  000000 
0. 000000 


Probability  Vgust 

1. 000000 

0.962106 
0.  870475 
0. 756476 
0.  64130(39 
0. 529323 
0.  428a7& 
0. 339327 
0.  263663 
0.201198 
0.  15093£ 
0. 111384 
0.  0B09QS 
0. 057875 
0.  040aQ'4 
0. 028383 
0.  019505 
0.013267 
0.  008951 
0. 006007 
0.  004023 
0. 002697 
0.  001817 
0. 001234 
0.  00084a 
0. 000589 
0.  00041& 
0. 000297 
0.  000215 
0.000157 

0.  00011G 
0. 000086 

0.  000065 

0. 000049 
0.  000037 
0. 000028 

0.  000021 

0.  000016 
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0. 000009 

0.  000007 

0. 000005 
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0. 000003 
0.  000 00£ 
0.  000002 
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15.301 
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6.794 
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1.474 
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£.944 
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£.679 
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5% 
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1% 
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5.8£7 

4.  8£9 

5.  771 
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4.660 
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5% 
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1% 
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6.090 

6.  585 

6.  £16 

5.047 
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10% 

7.851 

8.4£3 

8.001 

6.488 

7.  725 

5% 

9.595 

10.030 
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7.  80£ 

9.389 

1% 
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Velocity     (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  00 

0.  50 

1.  00 
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2.00 
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3.00 

3.  50 
4.00 

4.  50 
5.00 

5.  50 
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7.00 
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8.00 

a.  50 

9.00 
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10.00 
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11.  50 
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14.  00 
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15.  00 
15.50 
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16.50 
17.00 
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18.00 
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19.00 
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20.00 

20.  50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.  50 
24.00 
24.50 
25.  00 


1. 000000 

0. 855782 
0. 623392 
0.410195 
0. 253072 
0. 150067 
0. 086906 
0. 049552 
0.027817 
0.015301 
0. 008210 
0. 004300 
0.002216 
0. 001141 
0. 000599 
0. 000326 
0. 000186 

0.  000111 
0. 000068 

0. 000043 

0. 000027 
0. 000017 
0.000011 

0. 000007 
0. 000004 
0. 000002 

0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 956085 
0.  854-14^ 
0. 726837 
0.  594183 
0. 468545 
0.  357881 
0. 265630 
0.  ig£19E 
0.  135980 
0.  094372 
0. 064432 
0.  04339A- 
0. 028900 
0.  019075 
0.012507 
0.  006  16& 
0.  005327 
0.  00348^ 
0. 002296 
0.  001532 
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0.  000721 
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0.  000370 

0. 000272 
0.  00IZI203 
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0.  000  11& 
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0.  000067 
0.000051 

0.  00003a 
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0.  000022 

0.000016 
0.  000012 
0. 000009 

0.  0000137 
0. 000005 

0.  000004 
0. 000003 
0.  000002 
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0. 000001 
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0.  000000 
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0.  000000 


>bl3 


Vm 

««» 

< 

]n>^«K> 

bibility 

FALL 

WINTER 

SPRING 

SUMMER 
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2.239 

2.605 

2.360 

1.782 
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1056 
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5% 
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3.658 
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1% 
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4.  116 

3.  196 

3.947 

1056 

4.920 

5.483 

5.  137 

3.938 

4.  932 

5% 

5.873 

6.371 

6.043 

4.625 

5.843 

IS 

8.  194 

8.  155 

7.925 

6.054 

7.  789 
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WINTER 

SPRING 

SUMMER 

ONNUflL 

5054 

2.858 

3.487 

3.001 

2.319 

2.884 

2056 

5.010 

5.827 

5.279 

3.986 

5.050 

1056 

6.460 

7.336 

6.722 

5.054 

6.  479 

556 

7.862 

8.699 

8.  182 

6.071 

7.816 

154 

1 1 . 246 

1 1 . 557 

11.  112 

8.401 

10.  S9EL 
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FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

5054 

5.275 

6.348 

5.499 

4.366 

5.312 

2054 

8.782 

10.062 

9.207 

7.  150 

8.829 

1054 

11.007 

12.265 

11.492 

8.810 

11.  033 

554 

13. 137 

14.251 

13.518 

10. 345 

13.070 
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18.330 

18.241 

17.729 

13.542 

17.  423 

3Wjoi:;_>i-<f-i> 


3 


CO 


..  _-w"   .  .v.f-" 


A^- 


>J  r^i' 


%   I 


'fe 


■a' 


lit-.,      •% 


%. 


1^ 


.'}i-'^ 


->r.> 


"it'         tti 


CB 

IS 

s 
cs 
s 

IS 

IS 

s 

s 
s 
s 

s 
<s 
s 

S 
CM 

•.J3 

<V3 

CO 

^ 

IS 

laosnroN 


lMMUAL. 


ilocity    (m/s) 


Probability  Vmean 


Probability  Vg ust 


0.  00 
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2.00 

2.  50 

3.  00 
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5.  00 
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9.  50 

10.00 
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11.50 

12.00 

12.50 

13.00 

13.50 

14.00 

14.50 

15.00 

15.  50 
IS.  00 
16.50 

17.00 

17.50 
ia.00 

18.  50 

19.00 

19.  50 

20.  00 
20.  50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.  00 
24.50 
25.00 


1 . 000000 

0.891904 
0. &a696a 
0. 480420 
0.315232 
0.  200395 
0. 126159 
0.079416 

0. 050080 

0. 031627 

0.020010 

0. 012708 
0. 008127 
0. 005257 
0. 003455 
0.002316 
0.001585 
0. 001108 
0. 000788 
0. 000569 
0. 000414 
0. 000303 
0. 000222 
0. 000162 
0.000118 

0. 000086 
0. 000061 
0. 000044 
0. 000031 
0. 000022 
0. 000015 
0. 000010 
0. 000007 

0. 000005 

0. 000003 
0. 000002 
0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
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0. 000000 


1 . 000000 
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0.  884163 
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0.  655239 
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0.  426785 
0. 330883 
0.  25100S 
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0.  137424- 
0. 099888 
0.  07£03a 
0.051676 
0.  03&g54- 
0.  026403 
0.  018893 
0.013577 
0.  009828 
0.007187 
0.  005325 
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0.  003067 
0. 002389 
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0.  001233 
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0.  00iZia4& 
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0. 000246 
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0.  000023 
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5% 
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5.923 
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10.220 
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3.435 

2.737 
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5% 
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1% 

6.631 
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6.029 
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SUMMER 
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3.099 

2.744 

2.249 

2.667 

20% 

4.371 

4.890 

4.569 

3.701 

4.399 

10% 

5.517 

5.955 

5.772 

4.604 

5.  499 

5% 

6.746 

6.909 

6.897 

5.438 

6.557 

1% 

10.405 

8.827 

9.335 

7.218 
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3.222 

3.819 

3.341 

2.745 

3.249 

20% 

5.560 

6.268 

5.876 

4.711 

5.598 

10% 

7.397 

7.849 

7.684 

6.  123 

7.  337 

5% 

9.367 

9.427 

9.531 

7.475 

8.953 

1% 

14.833 

12.640 

13.486 

10.415 
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12.  30IZI 

14.667 
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0.  00 
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1.00 

1.50 

2.00 

S.  50 

3.00 

3.  50 

4.00 

4.50 

5.00 

5.  50 

6.00 

6.  50 
7.00 

7.  50 
8.00 
a.  50 

9.00 

9.50 

10.00 
10.50 
11.00 

11.50 

12.00 
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13.00 

13.50 
14.00 
14.50 

15.00 

15.50 

16.00 
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18.00 
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23.00 
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24.  00 
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1. 000000 

0. 954054 
0. 843343 
0.701724 
0. 553666 
0.415035 
0.296111 
0.201770 
0. 131965 
0. 083368 
0.051266 
0. 030984 
0.018628 
0.011307 
0. 007044 
0.004571 
0.003119 
0.  002239 
0. 001680 
0. 001304 

0.001036 

0. 000834 
0. 000676 
0. 000549 
0. 000446 
0. 000362 
0. 000292 
0. 000235 

0.000188 
0.000150 
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1 . 000000 
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0.  940255 
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0.  794757 
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0.  6130S0 
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0.  4351  IT 
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0.  285267 
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0.  015675 
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0.  002315 
0. 001965 
0.  001&d& 
0. 001460 
0.  00127S 

0.001115 

0.  00IZI98IZI 
0. 000864 
0.  00iZi76£ 
0. 000673 
0.  000595 
0. 000525 
0.  000463 
0. 000406 
0.  00IZI360 

0.000316 

0.  00IZI27B 
0. 000243 
0.  00IZI213 

0.000186 

0.  00IZI16E: 

0. 000141 

0.  000123 


Vm 

eAn 

<m/A> 

Probabi lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50X 

2.  197 

2.480 

2.252 

1.883 

2.  194 

20:4 

3.525 

3.843 

3.669 

3.009 

3.513 

10% 

4.372 

4.613 

4.500 

3.692 

4.  339 

5:4 

5.  189 

5.288 

5.282 

4.275 

5.031 

1% 

7.672 

6.590 

6.833 

5.421 

Da     03w> 

vg 

vt-»t 

<m>^A> 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL. 

50% 

3.638 

4.086 

3.747 

3.  105 

3.626 

20-/< 

5.784 

6.212 

5.986 

4.907 

5.742 

10% 

7.  121 

7.413 

7.333 

5.956 

6.  993 

5% 

8.  444 

8.454 

8.511 

6.889 

8.  153 

1% 

12.840 

10.563 

10.993 

8.783 

10.  785 

Probabi lity 


FALL 


WINTER 


SPRING 


SUMMER 


ANNUAL 


50% 

4.915 

5.547 

5.038 

4.213 

4.907 

20% 

7.886 

8.597 

8.207 

6.732 

7.858 

10% 

9.780 

10.318 

10.067 

8.260 

9.  683 

5% 

11.607 

11.829 

11.815 

9.562 

1 1 . 255 

1% 

17. 162 

14.742 

15.285 

12. 126 

14.  883 

vs 

ruA-b. 

<mF»t>> 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

20% 

10% 

5% 

1% 


a.  138 

12.939 
15.929 
18.869 
28. 723 


9.  140 
13.895 
16.583 
18.911 
23. 630 


8.382 
13.390 
16.403 
19.039 
24.590 


6.945 
10.977 
13.323 
15.410 
19.647 


8.  110 
12.845 
IS.  643 
18.238 
24.  125 
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BOSTON 


lNNUAL. 


Velocity    (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  00 
0.  50 

1.00 

1.50 
a.  00 
2.  50 
3.00 
3.50 

4.00 
4.50 
5.00 
5.  50 

6.00 

6.50 
7.00 
7.50 
a.  00 
a.  50 

9.00 

9.  50 

10.00 
10.50 
11.00 

11.50 

12.00 

12.50 

13.00 

13.50 
14.00 
14.50 

15.00 

15.50 

16.00 

16.50 

17.00 

17.50 
la.  00 

18.  50 
19.00 

19.  50 

20.00 

20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.  50 
25.00 


1. 000000 

0. 955030 
0.848910 
0.716151 
0. 578464 
0. 448773 
0. 335430 
0. 242501 
0. 170274 
0. 116569 
0.078081 
0. 051340 
0. 033249 
0.021287 
0.013534 
0. 00aS91 
0. 005479 
0. 003533 
0.002318 
0.001556 
0. 001070 
0.  000755 
0. 000545 
0. 000401 
0. 000300 

0. 000226 

0.000172 
0.000131 

0. 000100 

0. 000076 
0. 000057 

0. 000043 

0. 000033 

0. 000024 

0.000018 

0. 000014 

0. 000010 

0. 000007 
0. 000005 
0. 000004 

0. 000003 
0. 000002 
0. 000001 

0. 000001 

0. 000001 
0. 000001 
0. 000000 

0.  00000)3 

0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 984079 
0.  941650 
0. 878735 
0.  801957 
0.717419 
0.  630 10& 
0.  543875 
0.  461660 
0.385618 
0.317194- 
0.257164 
0.  20579a 
0. 162531 
0.  126994- 
0. 098249 
0.075361 
0. 057389 
0.  043452: 
0. 032759 
0.  024632: 
0.018504 
0.  01391E: 
0.010488 
0.  007944- 
0. 006056 
0.  004655 
0.003614 
0.  002837 
0. 002253 
0.  001  Sl£ 
0. 001474 
0.  001213 

0. 001009 

0.  0eizia4& 

0.000715 

0.  00IZI6QS 

0. 000520 

0.  00044& 
0. 000384 
0.  000330 
0. 000285 
0.  000245 

0. 000211 

0.  000182: 
0. 000156 
0.  00IZI134 

0.000115 

0.  00IZI099 
0. 000084 
0.  000072: 


sblS 


Vm 

oAn 

<my^A> 

ability 

FRLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

2.301 

2.610 

2.341 

1.994 

2.303 

20-X 

3.800 

4.  152 

3.902 

3.286 

3.794 

10% 

4.756 

5.056 

4.872 

4.044 

4.  71S 

5-/ 

5.662 

5.870 

5.754 

4.750 

5.537 

1% 

7.877 

7.472 

7.567 

6.  133 

7.  35S 

Vg 

ua-^ 

<myA> 

abi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

3.770 

4.249 

3.852 

3.263 

3.767 

20% 

6.099 

6.590 

6.279 

5.254 

6.066 

10% 

7.583 

7.956 

7.756 

6.435 

7.  470 

5% 

9.021 

9.  174 

9.077 

7.484 

8.765 

1% 

12.870 

11.669 

11.843 

9.644 

11.  59& 

Vaa 

««» 

<mpl%> 

ability 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

5.  148 

5.838 

5.236 

4.461 

5.151 

20% 

8.500 

9.289 

8.728 

7.352 

8.487 

10% 

10.639 

11.311 

10.898 

9.046 

10.  SAB 

5% 

12.666 

13.  131 

12. 872 

10.626 

12.386 

1% 

17.621 

16.714 

16.926 

13.719 

16.  458 

ability 


FALL     WINTER     SPRING 


SUMMER 


ANNUAL 


50% 

8.433 

9.504 

8.616 

7.300 

8.426 

20% 

13.644 

14.742 

14.046 

1 1 . 752 

13.569 

10% 

16.962 

17.797 

17.351 

14. 394 

16.  799 

5% 

20. 180 

20. 522 

20. 305 

16.740 

19.607 

1% 

28. 790 

26. 102 

26. 492 

21.574 

25.  939 

H  i-a  o  u  i-i  E-i  > 
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CD 

s 

s 
s 

s 

IS 
CD 

S 

s 

CD 

CO 
IS 
IS 

s 
s 

s 

^0 

CM 

00 

^ 

s 

CM 


E^OST-ON 


lMNUAI^ 


ilocity  (m/s) 

Probability  Vmean 

Probability  Vgust 

0.  00 

1. 000000 

1 . 000000 

0.  50 

0.951976 

0. 985680 

1.00 

0.821833 

0.  944073 

1.50 

0.652441 

0. 879022 

S.  00 

0. 487892 

0.  797020 

2.  50 

0. 352366 

0. 705620 

2.00 

0.251024 

0.611928 

3.50 

0. 179316 

0.521580 

4.00 

0. 129977 

0.  438363 

4.50 

0. 096247 

0. 364331 

5.00 

0. 072906 

0.  30IZI197 

5.  50 

0. 056322 

0. 245766 

6.00 

0.044141 

0.  20IZI3Q& 

6.  50 

0. 034902 

0. 162814 

7.00 

0.027711 

0.  13£193 

7.50 

0.022018 

0. 107365 

a.  00 

0.017464 

0.  087331 

a.  50 

0.013809 

0.071208 

9.00 

0.010873 

0.  058239 

9.50 

0. 008522 

0. 047793 

10.00 

0. 006647 

0.  039355 

10.50 

0.005159 

0.032511 

11.00 

0. 003985 

0.  026935 

11.50 

0. 003064 

0. 022369 

12.00 

0. 002345 

0.  018613 

12.50 

0.001788 

0.015509 

13.00 

0.001358 

0.  01293& 

13.  50 

0.001028 

0.010795 

14.00 

0. 000775 

0.  009010 

14.50 

0. 000583 

0.007521 

15.00 

0. 000437 

0.  006275 

15.50 

0. 000327 

0. 005234 

1&.  00 

0. 000244 

0.  004364- 

16.50 

.0.000182 

0. 003636 

17.00 

0.000135 

0.  00302a 

17.50 

0. 000100 

0. 002520 

la.  00 

0. 000074 

0.  002097 

ie.50 

0. 000055 

0.001743 

19.00 

0. 000040 

0.  001449 

19.50 

0. 000030 

0.001205 

20.00 

0. 000022 

0.  00i0ei 

20.50 

0.000016 

0. 000832 

21.00 

0.000012 

0.  000692: 

21.50 

0. 000008 

0.  000576 

22.00 

0. 000006 

0.  000473 

22.50 

0. 000004 

0. 000399 

23.00 

>               0. 000003 

0.  000332: 

23.  50       ,- 

0. 000002 

0. 000277 

24.  00 

0. 000002 

0.  000231 

24.50 

0. 000001 

0.000193 

25.00 

0. 000001 

0..00016E' 

Vm 

ie«mn 

< 

•m.ys%-> 

Probabi lity 

FPLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

1.961 

2.  135 

2.029 

1.754 

1.963 

2Sb% 

3.  A27 

3.468 

3.472 

2.985 

3.356 

10% 

4.696 

4.487 

4.631 

3.959 

4.  444 

5S 

6.203 

5.792 

5.951 

5.052 

5.760 

IS 

9.707 

9.826 

9.261 

7.735 

9.  186 

Vg 

,a«t 

< 

m/0> 

Probabi lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

3.622 

3.984 

3.738 

3.202 

3.630 

20% 

6.  117 

6.356 

6.220 

5.323 

6.004 

10% 

7.974 

7.963 

7.936 

6.775 

7.  684 

5% 

9.968 

9.659 

9.653 

8.208 

9.  394 

1% 

14.889 

14.389 

13.614 

11.557 

13.  723 

Vm 

t«i«>n 

< 

mp^> 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

PiNNUflL 

50% 

4.388 

4.776 

4.540 

3.923 

4.392 

20% 

7.666 

7.757 

7.767 

6.677 

7.507 

10% 

10.505 

10.037 

10.359 

8.857 

9.  94£ 

5% 

13.876 

12.956 

13.312 

11.302 

12.884 

1% 

21.714 

21.980 

20.716 

17.302 

20.  54B 

Vgus-t:. 


Probabi lity 

FALL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50% 

8.  101 

8.912 

8.362 

7.  163 

6.  119 

20% 

13.  684 

14.218 

13.913 

11.907 

13.431 

10% 

17.838 

17.813 

17.752 

15. 155 

17.  188 

5% 

22. 299 

21.606 

21.593 

18.360 

21.015 

1% 

33. 305 

32. 186 

30. 455 

25. 852 

30.  697 
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Velocity    (m/s) 


Probability    Vmean 


Probability    Vgust 


0.  eo 

0.  50 

1.130 
1.50 

2.00 

2.50 

3.00 

3.  50 

4.00 
A.  50 
5.00 
5.  50 
6.00 
6.50 

7.00 

7.50 
a.  00 

8.  50 

9.00 

9.  50 
10.00 

10.50 
11.00 

11.50 
12.00 
12.50 

13.00 

13.50 

1A.00 

1A.50 

15.00 

15.50 

16.00 

16.50 

17.00 

17.50 
18.00 
18.  50 

19.00 

19.50 

20.00 

20.50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 


1. 000000 

0. 940264 
0.783018 
0. 594700 
0. 429606 
0. 305762 
0.218569 
0. 158869 
0. 118050 
0. 089653 
0. 069326 
0.  054307 
0.042891 
0.034013 
0. 026999 
0.021402 
0.016914 
0.013311 
0.010423 
0.008118 
0.006267 
0. 004842 
0. 003707 
0. 002823 
0.002139 
0.001612 
0. 001209 
0. 000902 

0.000671 

0. 000497 
0.000366 
0. 000269 
0.000197 

0. 000144 

0. 000104 

0. 000076 

0. 000055 
0. 000039 

0. 000028 

0. 000020 

0. 000014 
0. 000010 

0. 000007 

0. 000005 

0. 000004 
0. 000003 
0. 000002 

0. 000001 
0. 000001 

0. 000001 

0. 000000 


1. 000000 

0.983214 
0.  933991 
0. 857758 
0.  763893 
0.662812 
0.  563430 
0.471794 
0.  390997 
0.321681 
0.  263929 
0.215973 
0.  17&63a 
0. 144560 
0.  118490 
0. 097332 
0.  08IZI151 
0.066172 
0.  054764 
0.045419 
0.  03773& 
0.031394 
0.  026143 
0.021783 
0.  018153 
0.015126 
0.012599 
0.010487 
0.  008721 
0. 007244 
0.  006011 
0. 004980 
0.  004121 
0. 003404 
0.  002803 
0. 002312 
0.  001901 
0. 001560 

0.  001279 
0. 001046 
0.  000855 
0. 000698 
0.  00056a 
0. 000462 
0.  000376 

0. 000305 

0.  000247 
0. 000200 
0.  000 16E: 
0. 000131 

0.'00010& 


sbl& 


Van. 


abi 1 ity 


50% 

10% 

5% 

1% 


FfiLL 


WINTER 


SPRING 


SUMMER 


7.475 
13.  12& 
17.503 
22. 029 
32. 544 


8.094 
13.219 
17.010 
21. 185 
32. 183 


7.675 
13.  139 
17. 168 
21.215 
30. 422 


6.691 
11.503 
14.900 
18.249 
25. 940 


ONNUflL 


50% 

1.791 

1.892 

1.838 

1.618 

1.787 

20% 

3.281 

3.  198 

3.272 

2.886 

3.  156 

10% 

4.589 

4.296 

4.473 

3.  901 

4.  318 

5% 

6.095 

5.721 

5.894 

5.017 

5.689 

1% 

9.483 

9.780 

9.213 

7.708 

9.  092 

Vg 

ua«t 

< 

m/0> 

abil ity 

FOLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

3.342 

3.618 

3.431 

2.991 

3.346 

20% 

5.868 

5.910 

5.874 

5.  142 

5.703 

10% 

7.825 

7.604 

7.675 

6.661 

7.  437 

5% 

9.848 

9.462 

9.484 

8.  158 

9.255 

1% 

14.549 

14.387 

13.600 

1 1 . 596 

13.  638 

Vm 

»«» 

C 

mpt^> 

ability 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

4.005 

4.232 

4.  112 

3.620 

3.998 

20% 

7.339 

7.  155 

7.318 

6.455 

7.059 

10% 

10.266 

9.609 

10.005 

8.727 

9.  659 

5% 

13. 633 

12.798 

13. 184 

1 1 . 223 

12.725 

1% 

21.214 

21.877 

20. 608 

17.243 

20.  338 

Vg 

ua±:. 

< 

mpl^> 

abi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUflL 

7.485 
12.757 
16.  638 
20.  703 
30.  527 
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00 


kOSTON      ANNUAI^ 


Blocity    (m/s) 


Probability    Vmean 


Probability    Vgust 


0.  130 

0.  50 

1.  00 
1.50 

2.00 

2.  50 
3.00 
3.50 

4.  00 
4.50 

5.00 

5.  50 

6.  00 

6.  50 
7.00 

7.  50 

8.00 

a.  50 

3.  00 
9.  50 

10.  00 

10.  50 

11.  00 

11.  50 

12.  00 
12.50 
13.00 

13.  50 

14.00 

14.50 
15.00 
15.50 
1&.  00 
16.50 

17.00 

17.50 
18.00 
18.  50 

19.00 

19.50 

20.00 

20.50 

21.00 

21.50 
22.00 
22.50 
23.00 

23.  50 

24.  00 
24.50 
25.00 


1 <  000000 

0. 932963 
0. 784658 
0. 628742 
0. 492976 
0.381593 
0. 294723 
0. 230045 
0. 183080 
0. 148791 
0. 122906 
0. 102421 
0. 085505 
0.  07 1 1 60 
0. 058863 
0. 048329 
0. 039363 
0.031802 
0. 025489 
0. 020270 
0.015999 
0.012535 
0. 009752 
0. 007535 
0. 005784 
0.004412 
0. 003345 
0. 002521 

0.001890 
0.001409 

0. 001046 
0. 000772 
0. 000568 

0.000416 

0. 000303 
0. 000221 
0.000160 
0. 000115 
0. 000083 

0. 000060 
0. 000043 

0.  000031 
0. 000022 
0.000016 
0.000011 

0. 000006 
0. 000006 

0. 000004 
0. 000003 
0. 000002 
0. 000001 


1 . 000000 

0. 980150 
0.  9258QS 
0. 847761 
0.  758 17& 
0. 666534 
0.  578571 
0.497181 
0.  423683 
0. 358648 
0.  302205 
0.254102 
0.  213733 
0.  180233 
0.  15259B 
0. 129809 
0.  110927 
0.095146 
0.  081815 
0. 070432 
0.  060621 
0.052105 
0.  044683 
0. 038204 
0.  03255E 
0. 027632 
0.  023363 
0.019674 
0.  016502: 
0.013786 
0.  01147E 

0.009510 

0.  007854- 
0. 006463 
0.  005300 
0. 004331 
0.  00352S 
0. 002865 
0.  002319 
0. 001871 

0.  00150& 

0. 001209 
0.  000967 
0. 000772 

0.  000615 

0. 000489 
0.  0013387 

0. 000306 

0.  000242: 
0. 000190 
0. '000  149 


Vm 

i^An 

C 

M/4S> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

1.966 

2.  187 

2.017 

1.739 

1.974 

20% 

3.956 

3.801 

3.882 

3.608 

3.820 

10% 

5.  9A7 

5.408 

5.605 

5.338 

5.  57S 

5% 

7.  78A 

7.669 

7.472 

6.  844 

7.421 

1% 

11. 149 

11.916 

10.951 

9.625 

10.  955 

vs 

Vi-i^ 

< 

my^«> 

Probabi lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

3.466 

3.877 

3.547 

3.053 

3.483 

20% 

6.  336 

6.400 

6.332 

5.665 

6.205 

10% 

8.768 

8.402 

8.436 

7.784 

a.  34& 

5% 

11. 191 

10.988 

10.675 

9.783 

10.642 

1% 

15.778 

16.622 

15.265 

13.528 

15.  375 

^/nl 

.»«» 

c 

mpl^> 

Probabil ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.397 

4.892 

4.512 

3.890 

4.416 

20% 

8.650 

8.504 

6.684 

8.071 

8.545 

10% 

13.302 

12.097 

12.539 

11.942 

12.  463 

5% 

17.411 

17. 155 

16.715 

15.310 

16.600 

1% 

24. 940 

26. 656 

24. 496 

21.531 

24.  587 

Vguas-fc. 

< 

a^pt^  > 

Probabi lity 

F«LL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

7.753 

8.673 

7.934 

6.829 

7.791 

20% 

14. 172 

14.316 

14. 164 

12.672 

13.880 

10% 

19.613 

18.794 

18.871 

17.412 

18.  670 

5% 

25. 033 

24. 580 

23. 878 

21.685 

23.805 

1% 

35. 294 

37. 181 

34. 147 

30. 262 

34.  393 

inl7 


M  1^  O  U  I— i  H  > 


S 

S 

S 
sO 


cs 

IS 
IS 

cs 


S 

s 
s 

83 
00 
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s 

0^^ 


CS 

• 


s 
s 

(S 
CD 

cs 

IS 

s 

s 

s 
s 
s 

s 
s 

83 

cs 

CS] 

so 

Cs] 

00 

^ 

83 

kC3STOM      ANNUAL^ 


Velocity  (m/s> 


Probability  Vmean 


Probability  Vgust 


0.  00 
0.  50 
1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.  50 

5.00 

5.  50 

6.00 

6.  50 

7.  00 
7.  50 
a.  00 
a.  50 
9.  00 
9.  50 

10.  00 

10.  50 

11.00 

11.  50 

12.00 

12.  50 
13.00 
13.50 

14.00 

14.50 
15.00 
15.50 

16.00 

16.  50 
17.00 
17.50 
la.  00 
la.  50 
19.  00 
19.50 
20.00 
20.50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.  00 
24.50 
25.00 


1. 000000 
0. 920290 
0. 740620 
0. 557671 
0.415643 
0.31712a 
0.250941 
0. 204777 
0. 170363 
0. 143107 
0. 120567 
0. 101405 
0. 064364 
0.070513 
0. 053094 
0. 047430 
0. 033367 
0. 030754 
0. 024436 
0.019252 
0.015045 
0.011667 
0.003931 
0. 006365 
0.005213 
0. 003933 
0. 002950 
0.002199 
0.001631 

0. 001203 

0. 000333 
0. 000645 
0. 000469 
0. 000340 
0. 000245 

0. 000176 
0.000126 

0. 000090 
0. 000064 
0. 000045 

0. 000032 
0. 000022 
0. 000016 

0.  000011 
0. 000003 
0. 000005 
0. 000004 
0. 000003 
0. 000002 
0. 000001 
0. 000001 


1. 000000 

0. 976271 
0.  909788 
0.313619 
0.  704390 
0.596150 
0.  497792 
0.413436 
0.  343834- 
0. 237331 
0.  243199 
0. 207574 
0.  178794- 
0. 155116 
0.  135235 
0. 118221 
0.  103427 
0.090413 
0.  078879 
0.068616 
0.  059476 
0.051346 
0.  044137 
0. 037769 
0.032173 
0. 027280 
0.  023027 
0.019350 
0.  016189 
0.013436 
0.  011  18B 
0.  009244 
0.  007607 
0.  006237 
0.  005094- 
0.004145 
0.  00336£ 
0.002717 
0.  002189 
0. 001757 
0.  0014C7 
0.  001122 
0.  000893 
0. 000708 

0.  000560 

0. 000442 
0.  000348 
0. 000273 
0.  000214- 
0. 000167 

0.'000130 


ibl7 


Vine4 

an 

< 

m>^a> 

lability 

FPILL 

WINTER 

SPRING 

SUMMER 

PINNUflL 

513% 

1. 

714 

1. 

621 

1. 

755 

1. 

489 

1. 

703 

2056 

3. 

a06 

3. 

403 

3. 

5a2 

3. 

534 

3. 

569 

1054 

5. 

a77 

5. 

363 

5. 

540 

5. 

367 

5. 

54  £ 

5% 

7. 

666 

7. 

677 

7. 

422 

6. 

849 

7. 

379 

154 

10. 

923 

11. 

764 

10. 

810 

9. 

536 

10. 

810 

vs 

ri^j 

-t 

< 

»>^«> 

labi  1  ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

5054 

3. 

001 

3. 

229 

3. 

085 

2- 

647 

2. 

989 

2054 

5. 

901 

5. 

572 

5. 

695 

5. 

350 

5. 

632 

1054 

a. 

&2a 

a. 

026 

a. 

100 

7. 

778 

8. 

13S 

554 

11. 

067 

11. 

002 

10. 

575 

9. 

827 

10. 

593 

154 

15. 

549 

16. 

565 

15. 

227 

13. 

569 

15. 

385 

Vm 

.». 

as-& 

< 

mph) 

•ability 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50S 

3. 

a33 

4. 

073 

3. 

925 

3. 

330 

3. 

810 

2054 

a. 

513 

7. 

612 

8. 

013 

7. 

905 

7. 

985 

1054 

13. 

146 

12. 

041 

12. 

392 

12. 

005 

1£. 

398 

554 

17. 

149 

17. 

173 

16. 

603 

15. 

320 

16. 

507 

154 

24. 

433 

26. 

315 

24. 

182 

21. 

331 

24. 

las 

Vgtaj 

a-t 

C 

mp>%> 

labi  1  ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

5054 

6. 

713 

7. 

223 

6. 

902 

5. 

920 

6. 

686 

2054 

13. 

200 

12. 

464 

12. 

739 

11. 

966 

12. 

597 

1054 

19. 

301 

17. 

953 

16. 

119 

17. 

398 

16. 

190 

554 

24. 

757 

24. 

611 

23. 

657 

21. 

981 

23. 

697 

154 

7 

34. 

> 

763 

1* 

37. 

100 

34. 

062 

30. 

354 

34. 

£37 

Hi^O  U  ^H  > 


CD 
S 


(^ 


cs 

CD 
CS 

k6 


IS 
CD 

fS3 


S 
CD 

• 

00 


IS 

s 
o 


s 
s 


IBOS'TOM       /M«iaU. 


locity    (m/s) 


Probability    Vtnean 


Probability    Vgust 


0.  izie 

0.  50 

1.  00 

1.  50 

2.00 

2.  50 
3.00 
3.50 

4.00 

A.  50 

5.00 

5.  50 
6.00 
e.  50 

7.00 

7.  50 

8.  00 

8.  50 

9.00 

9.  50 

10.  00 

10.50 
11.00 

il.  50 

12.00 

12.  50 

13.00 

13.  50 

14.  00 

14.  50 

15.00 

15.  50 
16.00 

16.  50 

17.00 

17.50 

18.00 

18.  50 
19.00 
19.50 
20.  00 
20.  50 

21.00 

21.50 
22.00 

22.  50 

23.  00 

23.  50 

24.  00 
24.  50 
25.00 


1. 000000 

0. 931713 
0.796213 
0. 640854 
0. 487528 
0. 352662 
0.245216 
0. 165830 
0. 110173 
0. 072446 
0. 047373 
0. 030886 

0.020102 

0.013067 
0.008486 
0. 005506 
0. 003575 
0. 002323 
0. 001513 
0. 000989 
0. 000651 
0.  000432 

0. 000290 
0.000196 

0.000134 

0. 000093 

0. 000065 
0. 000045 

0. 000032 
0. 000023 
0. 000016 
0. 000011 

0. 000008 

0. 000006 

0. 000004 

0. 000003 
0. 000002 
0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 976136 
0.  920114 
0. 845041 
0.  75959E 
0. 669284 
0.  578283 
0. 489888 
0.  40735& 
0. 332843 
0.  267650 
0.  212185 
0.  166  13& 
0.  128702 
0.  098815 
0. 075308 
0.  05704Q 
0. 043007 
0.  032298 
0. 024182 
0.018065 
0.013473 

0.  010039 

0. 007478 
0.  005572: 
0. 004157 
0.  003187 
0. 002329 
0.  00175£ 
0. 001323 
0.  001095 
0. 000768 
0.  000590 
0. 000457 
0.  000356 
0. 000279 
0.  000221 

0.000175 
0.  000140 
0. 000112 
0.  000091 
0. 000073 

0.  000059 
0. 000048 
0.  000039 
0. 000032 

0.  00002& 
0. 000021 
0.  000017 

0. 000014 

0. '000011 


Vm 

e^n 

Cm/a> 

Probabi lity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5iZi% 

1.960 

2.214 

1.993 

1.693 

1.959 

£0-/ 

3.317 

3.498 

3.378 

2.881 

3.285 

10% 

A.  228 

4.340 

4.294 

3.634 

4.  135 

5% 

5.  118 

5.  Ill 

5.  168 

4.343 

4.948 

IS 

7.256 

6.839 

7.  135 

5.874 

6.  835 

vg 

ua-t:: 

<m/a> 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

3.  A3A 

3.939 

3.499 

2.937 

3.443 

20-X 

5.633 

6.  151 

5.780 

4.891 

5.632 

10% 

7.018 

7.470 

7.222 

6.071 

S.  980 

5% 

8.363 

8.679 

8.565 

7.  146 

8.251 

1% 

11.512 

1 1 .  1 80 

11.529 

9.383 

1 1 .  00a 

Vm 

^»» 

<  akpl>  > 

Probabi lity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.384 

4.953 

4.458 

3.786 

4.383 

20% 

7.420 

7.825 

7.557 

6.445 

7.348 

10% 

9.457 

9.709 

9.605 

8.  130 

9.  £49 

5% 

1 1 . 449 

11.433 

11.561 

9.715 

1 1 . 068 

1% 

16.232 

15.299 

15.961 

13. 140 

15.  £89 

Vgua-b. 

<mp^> 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

7.681 

8.811 

7.826 

6.570 

7.701 

£0% 

12.601 

13.758 

12.930 

10.941 

12.599 

10% 

15.698 

16.711 

16. 156 

13.580 

15.  S14 

5% 

18.708 

19.415 

19.  160 

15.985 

18.457 

1% 

25. 751 

25.010 

25. 789 

20. 988 

24.  623 

snie 
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cn 


s 

IS 
CD 

■ 

s 


S 
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s 
s 

GO 
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s 

S3 
0^ 


s 
s 
o 

■ 

s 


s 

s 
o 

CD 
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^ 
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BOSTON   ANMUAI^ 


Velocity  (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  00 
0.  50 

1.00 

1.50 

2.00 

2.50 
3.00 
3.50 

4.00 

4.  50 

5.00 

5.  50 

6.00 

6.  50 

7.00 

7.  50 

8.00 

a.  50 

9.00 

9.  50 

10.00 
10.  50 
11.00 

11.50 

12.00 

12.  50 

13.00 

13.  50 

14.  00 
14.50 

15.00 

15.  50 

16.  00 

16.  50 

17.00 

17.  50 

18.00 

18.  50 

19.  00 
19.  50 
20.00 
20.50 

21.00 

21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 


1. 000000 

0. 948054 
0.817924 
0. 650818 
0. 483&58 
0.341087 
0.232616 
0. 156081 
0. 104238 
0. 069639 
0. 046563 
0.031117 
0. 020758 
0.013818 
0.009187 
0.006112 
0. 004079 
0. 002738 
0.001855 
0.001271 
0. 000682 
0. 000621 
0. 000443 
0. 000320 
0. 000233 

0.000171 

0.000126 

0. 000093 
0. 000069 
0. 000051 

0. 000038 
0. 000028 
0. 000020 

0.000015 
0. 000011 
0. 000008 
0. 000006 
0. 000004 

0. 000003 

0. 000002 
0. 000001 
0. 000001 

0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 983345 
0.  937729 
0. 868706 
0.  78302S 
0. 687682 
0.  589170 
0. 493059 
0.  403675 
0. 323940 
0.  255373 
0. 198277 
0.  152035 
0. 115448 
0.  06704S 
0. 065326 
0.  048894- 
0. 036556 
0.  027333 
0. 020457 
0.  015333 
0.011515 
0.  008669 
0. 006544 
0.  004957 
0. 003770 
0.  002860 
0.002212 
0.  001788 
0.001328 
0.  001039 
0.000819 
0.  000650 

0.000519 
0.  00041& 

0. 000336 
0.  000273 
0.  000222 
0.  000181 
0. 000148 
0.  000 12E 
0. 000100 
0.  00008a 
0. 000067 
0.  000055 
0. 000045 

0.  000037 

0. 000030 
0.  000025 

0..  000020 
0.  00001& 


sbia 


Vm 

OAn 

<m/a> 

lability 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

1.950 

2.  161 

2.020 

1.694 

1.951 

20% 

3.  2B2 

3.371 

3.341 

2.826 

3.  213 

10% 

4.240 

4.  194 

4.259 

3.562 

A.  061 

5% 

5.  218 

4.982 

5.  167 

4.296 

4.926 

1% 

7.611 

6.785 

7.  181 

5.860 

6.  9ia 

Vg 

xa«t 

<my^0> 

lability 

FftLL 

WINTER 

SPRING 

SUMMER 

ANNUflL 

50-/. 

3.455 

3.906 

3.579 

2.959 

3.46A 

20% 

5.521 

5.914 

5.694 

4.757 

5.485 

10% 

6.  883 

7.  144 

7.019 

5.861 

6.  77£ 

5% 

a.  239 

8.287 

8.299 

6.878 

7.966 

1% 

11.646 

10.781 

11. 160 

9.059 

10.  76B 

Vm 

«>«» 

<mp>%> 

tability 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

4.363 

4.834 

4.519 

3.790 

4.365 

20% 

7.342 

7.542 

7.474 

6.321 

7.  187 

10% 

9.484 

9.381 

9.527 

7.969 

9.  085 

5% 

11.669 

11. 145 

11.558 

9.609 

11.018 

1% 

17.025 

15. 177 

16.063 

13. 108 

15.  46£ 

Vg 

U0-^ 

Cmpl^  > 

lability 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

7.728 

8.738 

8.006 

6.619 

7.749 

20% 

12.351 

13.230 

12.738 

10.641 

12.269 

10% 

15.410 

15.981 

15.702 

13. Ill 

15.  IAS 

5% 

18.431 

18.538 

18.564 

15.387 

17.820 

1% 

26.051 

24. 117 

24.964 

20. 265 

2A.  083 

3Wi-300^H> 


E^OrSTTON       ANiaXJAI^ 

Alocity     (m/s) 

Probability    Vmean 

Probability    Vgust 

0.  00 

1 . 000000 

1. 000000 

0.  50 

0. 852544 

0. 955583 

1.00 

0. 633875 

0.  853154- 

1.  50 

0. 455864 

0. 729058 

2.00 

0. 323029 

0.  604 95£ 

2.  50 

0.  227853 

0. 492239 

3.00 

0. 161131 

0.  395190 

3.50 

0.  1145-37 

0.314305 

4.  00 

0.081686 

0.  248330 

4.  50 

0.058191 

0. 195279 

5.  00 

0.041187 

0.  15302G 

5.  50 

0. 028826 

0. 119590 

1               6.  00 

0.019886 

0.  093235 

6.  50 

0. 013504 

0. 072505 

7.  00 

0. 009033 

0.  056211 

i           7.  50 

0. 005967 

0.043412 

8.00 

0. 003911 

0.  033370 

a.  50 

0. 002558 

0.025512 

9.00 

0.001683 

0.  01S389 

9.  50 

0. 001121 

0.014644 

10.  00 

0. 000762 

0.  010995 

10.  50 

0. 000531 

0. 008212 

11.  00 

0. 000379 

0.  006107 

11.50 

0. 000277 

0.004531 

12.  00 

0. 000206 

0.  003361 

12.50 

0.000155 

0. 002498 

13.00 

0.000117 

0.  001867' 

13.  50 

0. 000089 

0. 001406 

14.  00 

0. 000068 

0.  001071 

14.50 

0.  000051 

0. 000826 

15.00 

0. 000039 

0.  00064& 

15.  50 

0. 000029 

0.000512 

16.00 

0. 000022 

0.  000411 

16.50 

0.000016 

0. 000334 

17.00 

0.000012 

0.  00IZ1274- 

17.50 

0. 000009 

0. 000227 

18.00 

0. 000006 

0.000189 

18.50 

0. 000005 

0.000157 

19.  00 

0. 000003 

0.  00IZI131 

19.  50 

0. 000002 

0.000110 

20.00 

0. 000002 

0.  00009£ 

20.50 

0.  000001 

0. 000077 

21.  00 

0. 000001 

0.  000064- 

21.50 

0. 000001 

0. 000053 

22.00 

0. 000000 

0.  000044- 

22.50 

0. 000000 

0. 000037 

23.00 

<                                           0. 000000 

0.  000030 

£3.50 

''            <                                0.  000000 

0. 000025 

24.00 

0. 000000 

0.  000021 

24.50 

0. 000000 

0..000017 

25.  00 

0. 000000 

0.  000014- 

7\snl9 

Vm 

lean 

< 

my'a) 

Probability 

FftLL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50% 

1.412 

1.489 

1.468 

1.  167 

1.376 

■a<d% 

2.801 

3.059 

2.868 

2.  167 

2.709 

113% 

3.840 

4.226 

3.897 

2.864 

3.  721 

5% 

4.896 

5.261 

4.913 

3.541 

4.741 

1" 

7.341 

7.276 

< 

6.994 

5.  193 

6.  892: 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

SOS 

2.511 

2.738 

2.624 

2.085 

2.466 

20:4 

4.581 

5.012 

4.694 

3.626 

4.456 

10% 

6.008 

6.599 

6.  110 

4.639 

5.  B7£ 

5-/4 

7.430 

8.004 

7.462 

5.594 

7.243 

1% 

10.816 

10.733 

10.318 

7.761 

10.  179 

Vmean 

< 

mx>l%> 

Probabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

3.  158 

3.332 

3.283 

2.611 

3.078 

£0% 

6.267 

6.843 

6.415 

4.847 

6.059 

10% 

8.591 

9.454 

8.717 

6.406 

a.  324 

5% 

10.953 

11.814 

10.991 

7.920 

10.605 

1% 

16. 422 

16.275 

15.644 

11.616 

15.  417 

Vgua-fc. 

< 

mpl%> 

Probability 

FftLL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50% 

5.617 

6.  124 

5.870 

4.664 

5.515 

S0% 

10.247 

11.212 

10.501 

8.  112 

9.967 

10% 

13.439 

14.761 

13.667 

10.377 

13.  135 

5% 

16.619 

17.904 

16.693 

12.513 

16.201 

1% 

24. 195 

24.010 

23.081 

17.360 

22.  769 

\nbl7\snl9 


^Ui-JOUi-hH> 


8 


CO 


cs 

IS 

IS 

s 


s 
o 
s 

IS 
CO 


s 
s 
s 

s 
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s 
s 


s 

S 


IS 

s 


s 
cs 
o 


cs 

o 


IS 
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s 


s 

CS] 


^o 


CNJ 


8 


ANMXJAI^ 


Velocity    (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  (ZIO 

1 . 000000 

0.50 

0. 867894 

1.00 

0.631636 

1.50 

0. 425469 

2.00 

0.279319 

2.50 

0. 183967 

3.00 

0. 123197 

3.50 

0. 083896 

4.00 

0. 057609 

4.50 

0. 039439 

5.00 

0. 026652 

5.50 

0.017656 

&.  00 

0.011424 

6.50 

0.007214 

7.00 

0. 004453 

7.50 

0. 002696 

8.00 

0.001613 

8.  50 

0. 000960 

9.00 

0.000574 

9.50 

0. 000348 

10.00 

0.000216 

10.50 

0. 000137 

11.00 

0. 000090 

11.50 

0. 000060 

12.00 

0. 000041 

12.50 

0. 000028 

13.00 

0.000019 

13.50 

0.000013 

14.00 

0. 000009 

14.  50 

0. 000006 

15.00 

0. 000004 

15.50 

0. 000003 

16.00 

0. 000002 

16.  50 

0. 000001 

17.00 

0. 000001 

17.50 

0. 000000 

18.00 

0. 000000 

18.  50 

0. 000000 

19.00 

0. 000000 

19.50 

0. 000000 

20.  00 

0. 000000 

20.50 

0. 000000 

21.00 

0. 000000 

21.50 

0. 000000 

22.00 

0. 000000 

22.  50 

0. 000000 

23. 00           ; 

0. 000000 

23. 50       V 

0. 000000 

24.  00 

0. 000000 

24.  50 

0. 000000 

25.  00 

0. 000000 

1. 000000 

0. 960790 
0.  864100 
0.738961 
0.  607561 
0. 484741 
0.  378564- 
0.291509 
0.  222687' 
0. 169285 
0.  1285A4- 
0. 097589 
0.  074075 
0. 056168 
0.  042464- 
0. 032002 
0.  02397£ 
0.017836 
0.013169 
0. 009647 
0.  007011 
0. 005059 
0.  003623 
0. 002592 
0.  00 1849 
0. 001320 
0.  00094& 
0. 000684 
0.  0005OIZI 

0. 000370 

0.  00027S 
0. 000212 
0.  000163 
0. 000128 

0.  000100 

0. 000060 
0.  000063 
0. 000050 

0.  000040 

0. 000032 
0.  000025 

0. 000020 

0.  0Q001& 
0. 000013 
0.  000010 

0. 000006 

0.  0000Q& 
0. 000005 

0.  000004- 
0., 000003 

0.  00000E: 


sbl9 


abi 1 ity 


50% 

10% 
5% 
1% 


FALL 


WINTER 


SPRING 


SUMMER 


5.463 

9.  482 

12. 287 

15. 1&8 

21.783 


6.285 
10.717 
13.839 
16.737 
22. 535 


5.706 

9.660 

12.756 

15. 566 

21.664 


4.560 

7.645 

9.713 

11.710 

16.290 


fiNNUflL 


50S 

1.321 

1.499 

1.379 

1.  102 

1.319 

2054 

2.435 

2.792 

2.530 

1.937 

2.416 

10% 

3.325 

3.788 

3.441 

2.527 

3.  295 

5% 

4.252 

4.751 

4.388 

3.  175 

4.  209 

1% 

6.309 

6.593 

6.357 

4.699 

6.  169 

vs 

ua-b. 

Cmy^A) 

ability 

FftLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

2.442 

2.810 

2.551 

2.038 

2.438 

20% 

4.239 

4.791 

4.408 

3.417 

4.212 

10% 

5.493 

6.  186 

5.702 

4.342 

5.  461 

5% 

6.781 

7.482 

6.959 

5.235 

6.725 

1% 

9.738 

10. 074 

9.685 

7.282 

9.  450 

Vm 

»^» 

C]np>^> 

ability 

FALL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

2.955 

3.353 

3.085 

2.466 

2.951 

20% 

5.446 

6.246 

5.659 

4.334 

5.404 

10% 

7.439 

8.474 

7.697 

5.653 

7.  371 

5% 

9.512 

10.627 

9.816 

7.  103 

9.416 

1% 

14. 112 

14.748 

14.221 

10.511 

13.  eaei 

Vg 

x^«t 

<mpl%> 

ability 

FALL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

5.453 

9.  422 

12.  21& 

15.044 

21.  139 


UiJO(^  •-•  H> 


« 

CD 


s 

s 

■ 


s 

QD 
S 

■ 


CD 
S 


00 


jaCDSTOKl       iANiaU.AI^ 


eLocity    <m/s) 


Probability    Vmean 


Probability    Vgust 


0.  00 

0.  50 

1.00 

1.  50 
S.  00 

2.  50 

3.00 

3.50 
4.  00 

4.  50 

5.  00 

5.  50 

6.  00 

6.  50 

7.00 

7.  50 
a.  00 
a.  50 
9.  00 
9.  50 

10.  00 

10.  50 

11.00 

11.  50 

12.00 

12.  50 

13.  00 

13.  50 

14.  00 

14.  50 

15.00 

15.  50 

16.  00 
16.  50 

17.00 

17.50 

la.  00 

16.  50 

19.00 

19.50 
20.  00 
20.  50 

21.00 

21.50 
22.  00 

22.  50 

23.  00 

23.  50 

24.  00 

24.  50 

25.  00 


1. 000000 

0.916933 
0.772470 
0.619994 
0. 473620 
0. 346640 
0. 245549 
0. 170299 
0. 116910 

0. 080105 

0.055021 
0. 037906 
0.026143 
0. 017997 
0.012334 
0. 008396 
0. 005676 
0. 003606 
0. 002532 
0. 001673 
0. 001098 
0. 000716 
0. 000465 

0. 000301 

0. 000194 
0.  000125 

0. 000081 

0. 000052 
0.  000033 
0. 000021 

0. 000014 

0. 000009 

0. 000006 
0. 000004 
0. 000002 
0. 000002 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 974275 
0.  91£0iei 
0.  830680 
0.  741  159 
0. 648830 
0.  557321 
0. 469879 
0.  389209 
0.317167 
0.  254687 
0.201891 
0.  158291 
0.  122991 
0.  094885 
0. 072810 
0.  055655 
0. 042426 
0.  03227B 
0.  024519 
0.  018597 
0.  014082 
0.  01064S 
0. 008023 
0.  00603£ 
0. 004520 
0.  003375 
0. 002511 
0.  001861 
0.001373 

0.  001010 
0. 000739 

0.  000533 
0. 000392 
0.  000283 
0. 000204 

0.  000147 
0. 000105 

0.  00121075 

0. 000054 

0.  000038 

0. 000027 
0.  000019 
0. 000014 
0.  00001^1 
0. 000007 
0.  000005 
0. 000003 

0.  00000E: 

0.'000002 
0.  00IZ1001 


Probabi 1 ity 


50% 

2074 

1054 

554 

154 


FfiLL 


WINTER 


SPRING 


SUMMER 


7.  331 
12.201 
15.377 
18.399 
24.945 


8.452 
13.349 
16.450 
19.469 
26.805 


7.525 
12.733 
15.935 
18.871 
25. 224 


6.530 
11.013 
13.838 
16.428 
21.883 


fiNNUflL 


5054 

1.873 

2.  162 

1.934 

1.691 

1.91(3 

2054 

3.270 

3.503 

3.407 

2.954 

3.  303 

1054 

4.236 

4.428 

4.366 

3.825 

4.  230 

554 

5.205 

5.404 

5.297 

4.649 

5.  147 

154 

7.344 

7.898 

7.386 

6.403 

7.  297 

Vg 

Xi«t 

<m/a> 

• 

obabi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

5054 

3.277 

3.778 

3.364 

2.919 

3.328 

2054 

5.454 

5.967 

5.692 

4.923 

5.522 

1054 

6.874 

7.354 

7.  124 

6.  186 

6.  98S 

554 

8.225 

8.703 

8.436 

7.344 

8.214 

154 

11. 152 

11.983 

1 1 . 276 

9.783 

11.  123 

Van 

^^TX 

<mpl^> 

obabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5054 

4.  189 

4.836 

4.325 

•    3.783 

4.272 

2054 

7.314 

7.835 

7.622 

6.607 

7.388 

1054 

9.476 

9.906 

9.767 

8.556 

9.  462: 

554 

11.644 

12.088 

11.849 

10.399 

11.513 

154 

16.427 

17.667 

16.523 

14.323 

16.  32£ 

Vg 

ria«t 

Cmp^> 

<obabi  1  ity 

FftLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

7.444 

12.352 
15.  455 
18.374 
24.  881 


in20 


H^OO  i-H  H> 


03 


CS 

CO 


CB 

■ 

CD 


CD 

s 

00 


o 

IS 
IS 

S3 
0^ 


s 
s 
s 
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s 

s 

s 


s 
« 
s 


03 

s 
s 

GO* 


CB 
03 


s 
s 
s 


BOSTON       ANMU. 


Velocity     (m/s) 


Probability  Vmean 


Probability  Vgust 


Q.  00 
0.  50 

1.00 

1.50 
a.  00 

5.  50 

3.00 

3.50 
A.  00 
4.50 

5.00 

5.50 

6.00 

6.  50 
7.00 
7.50 
a.  00 
6.50 
9.00 
9.50 

10.  00 

10.  50 

11.00 

11.50 

12.  00 

12.  50 

13.00 

13.  50 
1A.00 

14.  50 
15.00 

15.  50 

16.00 

16.  50 

17.  00 

17.  50 

18.  00 
18.50 

19.  00 
19.50 

20.00 

20.50 
21.00 
21.50 
22.00 
22.50 
23.  00 

23.  50 

24.  00 
24.50 
25.00 


1. 000000 

0.914792 
0.750219 
0.575213 
0.415267 
0.283196 
0. 163254 
0.  113275 
0. 067478 
0.039124 
0. 022294 
0.012567 
0. 007081 
0. 003980 
0. 002235 
0. 001253 
0. 000699 
0. 000366 

0.000213 

0. 000116 

0. 000063 
0. 000033 
0.000018 

0. 000009 

0. 000005 
0. 000002 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 

0.  000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 973999 
0.  910633 
0. 824602 
0.  728084- 
0. 626361 
0.  530853 
0.  439199 
0.  355953 
0.282711 
0.  220172 
0.  168271 
0.  126341 
0. 093315 
0.  067908 
0. 048782 
0.  034639 
0. 024407 
0.  017069 
0.011678 
0.  00823S 

0.005701 

0.  003941 
0. 002722 
0.  00188O 
0.001297 
0.  000894- 
0. 000616 
0.  000424- 

0. 000291 

0.  000199 

0.000136 

0.  000093 
0. 000063 

0.  000043 
0. 000029 

0.  000019 
0.000013 

0.  000009 
0. 000006 

0.  000004- 

0.  000002 
0.  00000£ 

0. 000001 
0.  000001 
0. 000000 
0.  000000 
0. 000000 
0.  00000IZI 
0. .000000 
0.  000000 


5b20 


Vrm< 


abi 1 ity 


50% 

10% 

5% 
1% 


POLL 


WINTER 


SPRING 


SUMMER 


7.035 
11.431 
14. 102 
16. 511 
21.723 


8.208 
12.839 
15.494 
17.855 
23. 123 


7.209 
12.011 
14.845 
17.333 
22. 327 


8.048 

9.982 

12.350 

14.486 

18.983 


ONNUflL 


50% 

1.718 

2.013 

1.771 

1.465 

1.735 

20% 

2.867 

3.  230 

3.031 

2.484 

2.916 

10% 

3.573 

3.931 

3.804 

3.  140 

3.  6A5 

5% 

4.  253 

4.579 

4.455 

3.740 

4.308 

1% 

5.722 

6.055 

5.854 

5.011 

5.  735 

vg 

us-fc. 

<]nXcs> 

abi  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

3.  145 

3.669 

3.223 

2.704 

3.  168 

20% 

5.  110 

5.740 

5.370 

4.463 

5.  194 

10% 

6.304 

6.927 

6.636 

5.521 

6.  399 

5% 

7.381 

7.982 

7.748 

6.476 

7.468 

1% 

9.711 

10.337 

9.981 

8.486 

9.  75B 

Vnt 

»»r> 

<inpl^> 

»bil  ity 

FPLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

3.842 

4.502 

3.961 

3.277 

3.881 

20% 

6.  414 

7.225 

6.781 

5.557 

6.523 

10% 

7.993 

8.793 

8.509 

7.023 

8.  153 

5% 

9.  513 

10.242 

9.965 

8.366 

9.637 

1% 

12.800 

13.544 

13.094 

11.208 

1£.  823 

vg 

ua-t:. 

Cmpl^  > 

ability 

POLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

7.087 
11.619 
14.  314 
16.706 
21.  828 


H>-30  U  i-iH  > 
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■ 
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s 

«J0 
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s 
s 
s 

00 


GD 
CD 


S 
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TOM       AMMUAI^ 


6:ocity    (m/s) 


Probability  Vmean 


Probability  Vgust 


0.  90 
IS.  50 

1.  00 

1.  50 

2.  00 

2.  50 

3.  00 

3.  50 

4.  00 
A.  50 

5.  00 

5.  50 

6.00 

6.  50 

7.00 

7.  50 
a.  00 
a.  50 

9.00 

9.  50 
10.  00 

10.  50 

11.00 

11.  50 

12.00 

12.50 

13.00 

13.  50 

14.  00 
14.50 

15.00 

15.50 

16.00 

16.  50 
17.00 
17.50 
la.  00 

18.  50 

19.  00 

19.  50 

20.00 

20.  50 
21.00 

21.  50 
22.00 

22.  50 

23.  00 

23.  50 

24.  00 
24.50 
25.00 


1. 000000 

0. a95915 
0.746061 
0. 589371 
0. 443367 
0. 323846 
0. 234527 
0. 171043 
0. 126469 
0. 094652 
0. 071273 
0. 053653 
0.040187 
0. 029866 
0.021993 
0.016039 
0.011585 
0. 008290 
0. 005879 
0. 004133 
0. 002882 
0.001995 
0. 001371 
0. 000936 
0. 000635 
0. 000428 
0. 000287 
0. 000192 
0.000128 
0. 000085 
0. 000056 
0. 000037 
0. 000024 
0. 000016 

0. 000010 

0. 000007 
0. 000004 
0. 000003 
O. 000002 

0. 000001 

0. 000001 
0. 000000 

0. 000000 

0. 000000 
0. 000000 

0. 000000 

0. 000000 

0. 000000 

0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 965058 
0.  891391 
0. 805436 
0.  714244- 
0. 620932 
0.  529264- 
0. 443017 
0.  36506S 
0. 297037 
0.  239365 
0. 191605 
0.  152748 
0. 121524 
0.  096620 
0. 076823 
0.  061087 
0. 048558 
0.  038557 
0. 030558 
0.  024153 
0.019026 
0.  014928 
0.011663 
0.  009070 
0. 007021 
0.  005489 
0. 004147 
0.  003165 
0. 002404 
0.  001618 
0.001369 
0.  O0102B 
0. 000766 
0.  000570 
0. 000422 
0.  000311 
0. 000229 
0.  000167 
0. 000122 
0.  O0OO89 
0. 000064 
0.  O0OO4& 
0. 000033 
0.  000024- 
0. 000017 
0.  O0O01£: 
0. 000009 
0.  O0O0I3& 
0. 000004 
0. '000003 


7\sn21 


Vrm< 


Probabi 1 ity 


5<d% 

1054 
5% 
1% 


FftLL 


WINTER 


SPRING 


SUMMER 


6.993 

12.  eiaA 

15.697 
19.286 
26. 725 


7.966 
12.796 
16. 123 
19.761 
28. 650 


7.  113 
12.398 
15.888 
19.233 
26. 446 


6.294 
11.013 
14.239 
17.280 
23. 430 


ONNUflL 


50% 

1.774 

1.996 

1.807 

1.630 

1.806 

20% 

3.  299 

3.347 

3.342 

3.061 

3.272 

10% 

4.553 

4.445 

4.493 

4.  173 

4.  41B 

5% 

5.  828 

5.843 

5.727 

5.208 

5.  636 

1% 

8.349 

8.960 

8.264 

7.249 

8.  241 

V 

gust 
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4.923 
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7.208 
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5% 
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4.465 
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3.646 
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20% 

7.379 

7.488 
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6.847 
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10% 
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9.942 
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9.336 

9.  878 

5% 

13.037 
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12.811 

11.650 

12.607 

1% 

18.676 
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18.487 
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flocity  (m/s) 

Probata i  1  i  t y  Vrnean 

Probability  Vgust 

0.  00 

1. 000000 

1. 000000 

0.50 

0. 847476 

0.955441 

1.00 

0. 620733 

0.  853990 

1.50 

0.415672 

0.734141 

a.  00 
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2.50 

0. 144535 
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3.00 

0. 076393 

0.  402  ITS 

3.50 
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4.00 

0.017871 
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0. 008058 
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5.00 

0. 003514 
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6.00 
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7.00 
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a.  00 
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8.50 
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9.00 
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12.  00 
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0. 000000 
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0. 000000 
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0. 000000 

0.  000005 

18.  50 
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9.932 
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1.307 

1.099 

1.294 
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2.551 

2.300 

1.885 

2.249 

10% 

2.789 

3.  178 

2.895 

2.355 
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5% 
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4.440 
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4.990 
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1% 

9.690 
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15.  50 

16.00 

16.50 
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0. 783272 
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Probata i 1 i t y  Vmean 

Probability  Vguat 

0.  00 

1. 000000 

1. 000000 

0.50 

0. 891206 
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1.00 

0. 677608 

0.  891493 

1.50 
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0. 058004 
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0. 009957 

14.00 
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9.  122 

9.  981 

5% 

14.274 

13. 123 

13.088 

11.517 

12.958 

1% 

23. 746 

18.922 

19. 121 

16. 174 

19.  411 

vg 

ua-t. 

< 

mpha.  > 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 
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12.024 
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16.  00 
16.50 

17.00 

17.  50 
IB.  00 
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0. 242213 
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0. 104501 
0. 077579 
0. 056937 
0. 041446 
0. 030043 
0. 021782 
0.015867 
0. 011665 
0. 008690 
0. 006581 
0. 005076 
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0. 000374 
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0. 000040 
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0.  541580 
0.  442495 
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0.  23691£ 
0. 246441 
0.  206497 
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0.  147420 
0. 124785 
0.  105406 
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0.  07437£ 
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0.  004628 
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0.  000334- 
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3.865 
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5% 
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1% 
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5% 
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8.995 

8.255 

9.087 

1% 

15. 153 

13.249 

12.588 

11.237 

13.  183 

VTm 

««r^ 

C 

ntpli  > 

abi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

3.  191 

3.225 

3.257 

2.927 

3.  155 

20% 

6.987 

5.891 

6.  549 

6.  199 

6.  391 

10% 

10. 138 

8.645 

9.341 

8.512 

9.  135 

5% 

13.232 

11.339 

11.799 

10.495 

11.686 

1% 

22. 552 

16.715 

16.598 

14.400 

17.  483 

Vg 

rua-bi 

c 

jnpl^  > 

abi 1 ity 

FPILL 

WINTER 

SPRING 

SUMMER 

RNNUflL 

50% 

6.  112 

6.308 

6.234 

5.526 

6.062 

20% 

12.316 

10.906 

11.591 

10.966 

11.410 

10% 

17.649 

15.511 

16.029 

14.990 

16.  021 

5% 

22. 538 

20. 305 

20. 121 

18.467 

20. 326 

1% 

33. 897 

29.638 

28. 159 

25. 136 

29.  311 

7\sb23Pl 


^UnJOOh-iH> 


C^4 


S3 


CD 


(SJ 


cs 

IS 
00 


cs 

IS 


IS 
CD 
IS 


BOSTON   ANNUAI^ 

(locity  (m/s) 

Probability  Vmean 

Probability  Vg ust 

0.  00 

1. 000000 

1. 000000 

0.50 

0.941943 

0. 980903 

1.00 

0.817997 

0.930169 

1.50 

0. 685936 

0. 858633 

2.00 

0.562170 

0.  77734& 

2.50 

0. 450456 

0. 694002 

3.00 

0. 353429 

0.  61274G 

3.50 

0. 272228 

0. 535634 

4.00 

0. 206436 

0.  463805 

4.50 

0. 154573 

0. 397965 

5.00 

0. 114590 

0.338515 

5.  50 

0. 084266 

0. 285581 

6.  00 

0.061520 

0.  23305c: 

6.  50 

0. 044581 

0. 198635 

7.  00 

0. 032035 

0.  16390B 

7.  50 

0. 022799 

0. 134370 

a.  00 

0. 016050 

0.  109474 

8.50 

0.011167 

0. 088668 

3.   00 

0. 007674 

0.071410 

9.50 

0. 005209 

0. 057195 

10.00 

0. 003494 

0.  045559 

10.50 

0.002318 

0. 036091 

11.00 

0.001524 

0.  028431 

11.  50 

0. 000994 

0. 022268 

12.00 

0. 000645 

0.  017339 

12.  50 

0. 000417 

0.013420 

13.00 

0. 000270 

0.  01032£ 

13.50 

0.000175 

0. 007890 

14.00 

0. 0001 14 

0.  005993 

14.50 

0. 000075 

0. 004524 

15.00 

0. 000049 

0.  003394 

15.  50 

0. 000033 

0. 002530 

16.00 

0. 000022 

0.001876 

1&.  50 

0.000015 

0.001383 

17.00 

0. 000010 

0.  001014 

17.50 

0. 000007 

0. 000740 

18.  00 

0. 000005 

0.  000538 

18.50 

0. 000003 

0. 000390 

19.00 

0. 000002 

0.  000281 

19.  50 

0. 000001 

0. 000203 

20.  00 

0. 000001 

0.  000  14& 

20.50 

0. 000001 

0. 000105 

21.00 

0. 000000 

0.  000075 

21.50 

0.  000000 

0. 000054 

22.  00 

0. 000000 

0.  000038 

22.  50 

0. 000000 

0. 000028 

23.00 

0. 000000 

0.  0000221 

23.  50       ;• 

0. 000000 

0. 000014 

24.  00 

0. 000000 

0.  000010 

24.  50 

0. 000000 

0. 000007 

25.00 

0. 000000 

0.1ZI000QS 

fa 

Vm 

e^n 

< 

m>^a> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50S 

2.250 

2.748 

2.270 

1.931 

2.278 

20% 

3.955 

4.761 

4.  166 

3.386 

4.062 

10% 

5.014 

6.030 

5.416 

4.310 

5.  £41 

596 

5.990 

7.203 

6.601 

5.  163 

6.340 

1% 

B.  054 

9.487 

9.  100 

6.972 

a.  667 

vs 

ua«t 

C 

wtk^ay 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

3.707 

4.483 

3.754 

3.  183 

3.748 

20% 

6.352 

7.526 

6.632 

5.423 

6.483 

10% 

7.950 

9.387 

8.481 

6.807 

a.  £28 

5% 

9.386 

11.013 

10. 184 

8.035 

9.  809 

1% 

12.329 

14.211 

13.683 

10.572 

13.  06& 

^/in« 


<  m 


Probabi 1 ity 


FftLL 


WINTER 


SPRING 


SUMMER 


ftNNUflL 


50% 

5.032 

6.  147 

5.079 

4.319 

5.096 

20% 

8.847 

10.650 

9.318 

7.575 

9.087 

10% 

11.216 

13.488 

12. 114 

9.641 

11.  723 

5% 

13.400 

16. 112 

14.767 

11.550 

14.  182 

1% 

18.017 

21.222 

20. 357 

15.595 

19.  388 

Vg 

rua-tL 

<mp»&> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

20% 

10% 

5% 

1% 


8.293 
14.209 
17.785 
20. 995 
27. 579 


10.028 
16.835 
20. 998 
24. 636 
31.789 


8.396 
14.835 
18.971 
22.781 
30. 608 


7.  120 
12. 130 
15.227 
17.973 
23. 650 


8.384 
14.502 
18.  4(25 
21.942 
29.  £28 
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TOM       ANNUAL^ 


Velocity     (m/s) 


Probability  Vmean 


Probability    Vgust 


0.  00 

0.  50 

1.  00 
1.  50 

2.00 

2.50 
2.00 
3.50 

4.00 

4.  50 
5.00 

5.  50 

6.00 

6.  50 
7.00 

7.  50 

8.00 

a.  50 
9.00 
9.  50 

10.  00 

10.  50 

11.00 

11.50 
12.00 

12.  50 

13.  00 

13.  50 

14.  00 

14.  50 

15.  00 

15.  50 

16.00 

16.  50 

17.00 

17.50 
le.  00 
IB.  50 
19.00 
19.50 
20.  00 
20.  50 

21.00 

21.50 
22.00 

22.  50 

23.  00 

23.  50 

24.  00 
24.  50 
25.00 


1. 000000 

0.941956 
0. 790207 
0. 607108 
0. 443000 
0. 314757 
0.220696 
0. 153862 
0. 107198 
0. 074964 
0. 052626 
0.037621 
0.027106 
0. 019743 
0.014507 
0.010721 
0. 007946 
0. 005891 
0. 004360 
0. 003217 
0. 002365 
0. 001731 
0.001261 
0. 000915 
0.000661 
0. 000476 
0. 000341 
0. 000244 

0.000174 

0. 000123 

0. 000087 
0. 000062 

0. 000044 
0. 000031 
0. 000022 

0. 000015 
0. 000011 
0. 000007 
0. 000005 
0. 000004 
0. 000002 
0. 000002 
0. 000001 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0.  982545 
0.  932284- 
0. 854685 
0.  759014- 
0. 655577 
0.  553253 
0.458217 
0.  373881 
0. 301491 
0.  240881 
0. 191061 
0,  15075S 
0. 118457 
0.  092819 
0. 072602 
0.  056743 
0. 044352 
0.  034697 
0. 027186 
0.  021345 
0.016801 
0.  01325S 
0. 010489 
0.  00a3ia 
0. 006609 
0.  005259 
0. 004188 
0.  003337 
0. 002659 
0.  002  iia 
0.  001685 
0.  001339 

0.001063 

0.  000842: 
0. 000666 
0.  00052& 
0. 000415 
0.  0O032& 
0. 000256 

0.  000201 

0. 000158 
0.  000123 
0. 000096 
0.  000075 
0. 000058 
0.  000045 
0. 000035 
0.  000027 
0. 000021 
0.>00001& 


SB24fl 


Vm 

Cm/0> 

babi lity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50/4 

1.862 

1.909 

1.883 

1.647 

1.626 

20% 

3.314 

3.  197 

3.289 

2.846 

3.  155 

10'/4 

4.358 

4.  135 

4.310 

3.657 

4.  11£ 

5-/4 

5.  417 

5.  113 

5.335 

4.448 

5.093 

1% 

8.002 

8.009 

7.807 

6.464 

7.  630 

Vg 

ua-^ 

Cmy^a> 

babi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

3.324 

3.506 

3.380 

2.914 

3.280 

20% 

5.609 

5.595 

5.614 

4.832 

5.410 

10% 

7.  180 

7.024 

7.  127 

6.061 

6.  860 

5% 

8.694 

8.468 

8.569 

7.224 

8.272 

1% 

12. 178 

12.229 

11.808 

9.815 

11.  613 

Vm 

««r> 

<mpt%> 

babi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.  166 

4.271 

4.212 

3.684 

4.085 

20% 

7.414 

7.  150 

7.356 

6.366 

7.  057 

10% 

9.749 

9.249 

9.642 

8.  180 

9.  198 

5% 

12. 118 

11.438 

1 1 . 934 

9.950 

11.393 

1% 

17.900 

17.915 

17.464 

14.460 

17.  068 

vs 

««t 

<mpl^> 

babi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

7.436 

7.842 

7.561 

6.518 

7.338 

20% 

12. 546 

12.515 

12. 558 

10.808 

12. 103 

10% 

16.060 

15.711 

15.944 

13.557 

15.  345 

5% 

19. 449 

18.941 

19. 168 

16. 159 

18.504 

1% 

27.241 

27. 354 

26.414 

21.956 

25.  977 

4A 
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• 

3W>-JOO»-*E-'> 


IS 
IS 
IS 

s 

CM 


s 


s 
s 

IS 
CS3 


GD 
00 


s 

CD 
IS 


BOSTON   ANNUAL. 

slocity  (m/s) 

Probability  Vmean 

Probability  Vgust 

0.  00 

1. 000000 

1. 000000 

0.  50 

0. 974284 

0. 989760 

1.00 

0.904711 

0.  960890 

1.  50 

0. 808655 

0.916047 

2.00 

0.705319 

0.  859133 

2.  50 

0. 607638 

0. 794632 

0. 520863 

0.  726768 

3.  50 

0. 445376 

0. 658997 

4.00 

0. 379765 

0.  593 72B 

4.50 

0. 322509 

0.  532360 

5.00 

0. 272472 

0.  4755«£: 

5.  50 

0. 228852 

0. 423246 

6.00 

0. 191033 

0.  375417 

6.50 

0. 158475 

0.331741 

7.00 

0.  130671 

0.  £91939 

7.50 

0. 107119 

0. 255762 

8.00 

0. 087332 

0.  223080 

8.  50 

0. 070833 

0. 193465 

9.00 

0.057175 

0.  16698£ 

9.50 

0. 045939 

0. 143380 

10.  00 

0.036752 

0.  122481 

10.50 

0. 029278 

0. 104099 

11.00 

0. 023228 

0.  088040 

11.50 

0. 018354 

0. 074106 

12.00 

0.014445 

0.  062096 

12.50 

0. 011323 

0.  051810 

13.00 

0.008841 

0.  043054- 

13.50 

0. 006877 

0. 035645 

14.  00 

0. 005330 

0.  029408 

14.50 

0.004116 

0.  024186 

15.00 

0.003168 

0.  019833 

15.  50 

0. 002431 

0. 016221 

16.00 

0.001860 

0.  013238 

16.50 

0. 001419 

0.010777 

17.00 

0.001080 

0.  008759 

17.50 

0. 000821 

0. 007107 

18.00 

0.000622 

0.  005758 

18.50 

0. 000471 

0. 004660 

19.00 

0. 000357 

0.  003768 

19.50 

0. 000269 

0. 003044 

20.00 

0. 000204 

0.  002457 

20.50 

0.000154 

0.001983 

21.00 

0. 0001 16 

0.  001601 

21.  50 

0. 000088 

0.001292 

22.  00 

0. 000066 

0.  001  043 

22.50 

0. 000050 

0.  000843 

23.00 

0. 000038 

0.000681 

£3.50 

0. 000029 

0. 000551 

24.  00 

0. 000022 

0.  000447 

24,50 

0.000016 

0. 000363 

25.00 

0. 000013 

0.  000295 

5 

Vm 

e^n 

<m^s> 

Pr^obabi  1  ity 

FPILL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50X 

3.  103 

3.515 

3.  109 

£.860 

3.  138 

£0"/< 

5.887 

6.  487 

5.847 

5.  £86 

5.  881 

10% 

7.755 

8.  £9£ 

7.740 

6.  85£ 

7,  eaei 

5-X 

9.  A73 

9.896 

9.508 

8.  £45 

9.319 

1% 

13.089 

13. 198 

13.307 

10.991 

1£.  767 

Vg 

iia^-ti. 

<  my^i  > 

Probabi 1 ity 

FfiLL 

UINTER 

SPRING 

SUMMER 

PINNUflL 

50% 

4.75£ 

5.416 

4.778 

4.  £78 

4.785 

£0-/ 

8.367 

9.  33£ 

8.434 

7.  40£ 

8.389 

10% 

10.641 

11.568 

10.806 

9.307 

10.  62B 

5% 

12.693 

13.477 

1£.9£7 

10.955 

12.603 

1% 

17.095 

17. £91 

17.336 

14. £38 

16.  69£ 

^/In 

.^^r^ 

<  ms»l^  > 

Probabi 1 ity 

FfiLL 

UINTER 

SPRING 

SUMMER 

ftNNUflL 

50% 

6.955 

7.863 

6.  955 

6.398 

7.0£0 

20% 

13. 168 

14.511 

13.079 

11.8£4 

13.  156 

10% 

17.348 

18.549 

17. 313 

15. 3£6 

17.  179 

5% 

£1. 189 

££. 137 

£1.£69 

18.444 

20.847 

1% 

£9. £80 

£9. 5£3 

£9. 767 

£4.587 

28.  558 

^^gu£^-t. 

<  mpl^  > 

Probabi 1 ity 

FPILL 

WINTER 

SPRING 

SUMMER 

PINNUflL 

50% 

10.630 

1£. 115 

10.687 

9.570 

10.703 

£0% 

18.  717 

£0.876 

18.866 

16.557 

18.766 

10% 

£3. 804 

£5.878 

£4. 171 

£0. 8£0 

23.  773 

5% 

£8. 394 

30. 147 

£8.916 

£4.506 

28. 193 

1% 

38. 240 

38. 678 

38. 779 

31.848 

37.  340 

sn£: 
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ON       ANNUAL^ 


Velocity 

■  (n 

ei. 

00 

0. 

50 

1. 

00 

1. 

50 

2. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 

4. 

50 

5. 

00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

9. 

00 

3. 

50 

10. 

00 

10. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

16. 

,50 

17. 

00 

17. 

,50 

IB. 

00 

16. 

,50 

19. 

,00 

19. 

,  50 

20. 

,00 

20. 

.50 

21. 

,00 

21. 

.50 

22. 

.00 

22. 

.50 

23. 

.  00 

23. 

.  50 

24. 

.  00 

24, 

.  50 

25. 

.00 

(m/s> 


Probability    Vrnean 


Probability    Vgust 


1. 000000 

0. 954432 
0. 837040 
0. 703040 
0. 587043 
0. 494205 
0.419489 
0. 357637 
0.305127 
0. 259862 
0. 220605 
0. 186549 
0. 157079 
0. 131663 
0. 109828 
0. 091148 
0.075242 
0. 061767 
0. 050415 
0.040912 
0. 033006 
0. 026473 
0. 021111 
0.016740 
0. 013201 
0. 010353 
0. 008077 
0. 006269 
0. 004842 
0. 003721 
0.002846 
0.002167 
0. 001643 
0. 001240 
0. 000932 
0. 000698 

0. 000520 

0. 000386 
0. 000286 
0. 000211 
0. 000155 
0. 000114 
0. 000083 
0. 000061 
0. 000044 
0. 000032 

0. 000023 

0. 000017 
0. 000012 
0. 000009 
0. 000006 


0. 
0. 
0. 
0. 
0. 


1. 000000 

0.985811 
0.  94421B 
0. 880018 
0.  801623 
0.718114 
0.  636 772: 
0. 561995 
0.  495520 
0. 437284 
0.  386335 
0.341488 
0.  301675 
0. 266066 
0.  234065 
0. 205257 
179341 
156086 
135296 
116794 
1004138 
0. 085971 
0.  073317 
0. 062282 
0.  052708 
0. 044440 
0.  037335 
0. 031255 
0.  026078 
0. 021682 
0.  017970 
0.014846 
0.012228 
0. 010041 
0.  008222: 
0.006713 
0.  005467 
0. 004440 
0.  003598 
0. 002908 
0.  002346 
0. 001889 
0.  001517 
0.001217 
0.  000975 
0. 000780 
0.  000623 
0. 000497 
0.  000396 
0. 000316 
0.. 000  251 


sb2: 


V 

me».^n 

<mXay 

ability 

FftLL 

WINTER 

SPRINB 

SUMMER 

ONNUflL 

50% 

2.  480 

£.577 

£.444 

2.393 

£.469 

20-/ 

5.412 

5.692 

5.  177 

4.946 

5.  303 

10% 

7.448 

7.728 

7.  ££5 

6.656 

/ .  c!dw!^ 

5% 

g.  263 

9.535 

9.  156 

8.  136 

9.  0££ 

1% 

12. a£6 

13.087 

13.066 

10.967 

1£.  57S 

Vgu«-t. 

Cin>^a> 

abi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

PiNNUflL 

50% 

3.  969 

4.240 

3.959 

3.715 

3.966 

20% 

7.755 

8.  177 

7.537 

6.966 

7.601 

10% 

10.258 

10.688 

10.067 

9.055 

10.  014 

5% 

12.465 

12.866 

1£.  367 

10.849 

1£.  164 

1% 

16.932 

17. 186 

17.054 

14.318 

16.  511 

V 

nt^^n 

Cmpl^> 

abi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50% 

5.  547 

5.764 

5.467 

5.  353 

5.  5£3 

£0% 

12. 106 

12.732 

11.58£ 

11.063 

11.861 

10% 

16.661 

17.286 

16. 163 

14.889 

16.  £47 

5% 

20. 722 

£1.330 

20. 482 

18. 199 

£0. 181 

1% 

28.691 

£9. £76 

29. 227 

24.534 

£8.  135 

V 

gu^-t. 

Cm^^l^  > 

abi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

PiNNUflL 

50% 

8.877 

9.486 

8.857 

8.310 

8.872 

£0% 

17.346 

18.£9£ 

16.860 

15.626 

17.004 

10% 

££. 946 

£3.908 

22. 520 

20. 255 

£2.  481 

5% 

£7. 883 

£8. 780 

27. 665 

£4. £69 

£7. £10 

1% 

i 

37. 877 

38. 445 

38. 148 

3£. 0£9 

36.  935 

W  ^  O  O  N-i  H  > 


S 

CD 

IS 
CM 


sO 


IS 

s 

IS 

■ 

CM 


CO 


s 
s 

IS 


BOSTON   ANKIUAI^ 

locity  (m/s) 

Probability  Vmean       Probability 

Vg  ust 

0.  00 

1.000000                  1. 

000000 

0.  50 

0. 965752             0. 

987652 

1.00 

0.  885057             0. 

953900 

1.50 

0. 790995             0. 

903940 

2.00 

0.701742             0. 

844028 

2.  50 

0.  620590             0. 

779743 

3.00 

0.  545699             0. 

715020 

3.50 

0. 475963             0. 

652075 

4.00 

0.411478             0. 

591871 

4.50 

0.  352600             0. 

534687 

5.  00 

0.299513             0. 

480577 

5.  50 

0.252199             0. 

429594 

6.00 

0.210502             0. 

38 1  853 

6.  50 

0. 174167             0. 

337495 

7.  00 

0.  142666             0. 

296633 

7.50 

0.  116207             0. 

259317 

a.  00 

0.  093757             0. 

£25523 

a.  50 

0.  075058             0. 

195161 

9.00 

0.  059647             0. 

16806^ 

9.50 

0.  047076             0. 

144104 

10.  00 

0.036917             0. 

123006 

10.50 

0.  028782             0. 

104562 

11.00 

0.022319             0. 

08853^ 

11.50 

0.017225             0. 

074685 

12.00 

0.013235             0. 

062784 

12.50 

0.010131                    0. 

052611 

13.00 

0.  007729             0. 

043956 

13.  50 

0.  005879             0. 

036627 

14.00 

0. 004462             0. 

030447 

14.  50 

0.  003380             0. 

025257 

15.  00 

0.  002557             0. 

020913 

15.50 

0.001934             0. 

017289 

16.00 

0.001462             0. 

014274 

16.50 

0.001106                    0. 

011773 

17.00 

0.000838                    0. 

009703 

17.  50 

0.  000636                    0. 

007993 

la.  00 

0.  000484             0. 

006 582 

ia.50 

0.  000369             0. 

005421 

19.00 

0.000283                   0. 

004465 

19.  50 

0.000217                   0. 

003680 

20.00 

0.000167             0. 

003035 

20.50 

0.000129                   0. 

002506 

21.  00 

0.000101                    0. 

00£07£ 

21.50 

0. 000078              0. 

001716 

22.  00 

0.000061                    0. 

001423 

22.50 

0.  000048             0. 

001183 

23.00 

0.  000038             0. 

000985 

23.50 

0.  000029                    0. 

000823 

24.  00 

0.  000023              0. 

000683 

24.  50 

0.000018                   0. 

000578 

25.00 

0.000014                    0. 

000486 

• 

Probabi 1 ity 


50-/4 
10% 

554 
1% 


FftLL     WINTER 


SPRING 


SUMMER 


10. 804 
19. 157 
24. 491 
29. 453 
40. 448 


11.854 
20. 129 
25. 112 
29. 595 
39. 284 


10.831 
19. 186 
24. 304 
28.831 
37.901 


9.773 
16.855 
21. 132 
24.913 
32.  442 


ftNNUflL 


50% 

3.329 

3.660 

3.302 

3.058 

3.328 

207( 

6.250 

6.592 

6.206 

5.539 

6.  145 

10% 

8.065 

8.320 

7.983 

7.015 

7.  861 

5-/ 

9.711 

9.  841 

9.555 

8.311 

9.384 

1% 

13. 169 

12.998 

12.689 

10.825 

12.  527 

Vg 

usi=. 

< 

!«•«> 

Probabi 1 ity 

FPILL 

WINTER 

SPRING 

SUMMER 

PiNNUflL 

50% 

4.830 

5.299 

4-842 

4.369 

4.821 

20% 

8.564 

8.998 

8.577 

7.535 

8.420 

10% 

10.949 

11.226 

10.865 

9.447 

10.  64£ 

5% 

13.  167 

13.230 

12.889 

11. 137 

12.  651 

1% 

18.082 

17.561 

16.943 

14. 503 

16.  92B 

Vm 

^^n 

C 

mpl^  > 

Probabi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

PlNNUflL 

50% 

7.  446 

8.  187 

7.387 

6.840 

7.444 

20% 

13.980 

14.745 

13. 883 

12.390 

13.745 

10% 

18.041 

18.612 

17.858 

15. 693 

17.  584- 

5% 

21.724 

22.014 

21.375 

18.591 

20.991 

1% 

29. 459 

29. 075 

28.  384 

24.216 

28.  023 

Vgua-t. 

< 

mfst^  > 

Probabi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

10.783 
18. 836 

23.  ae& 

28. 299 
37.  868 


sn£6 


^WJO'Di-iE-'> 


es 


s 
s 


CD 

CD 

CD 
CO 


CS 
QD 
S 

■ 

CD 


• 

9 


N 


^O 


OJ 


00 


LOSI'Oia       ^^NNUAI^ 


Velocity     (m/s) 


Probability  Vmean 


Probability  Vg  List 


0.  00 

12.  50 

1.00 

1.  50 

2.00 

2.  50 

3.00 

3.  50 

4.  00 

4.  50 

5.  00 

5.  50 

6.  00 

6.  50 

7.  00 
7.  50 
a.  00 
a.  50 
9.  00 
9.  50 

10.  00 

10.  50 

11.00 

11.  50 

12.00 

12.  50 

13.00 

13.50 
14.  00 

14.  50 

15.  00 

15.  50 

16.  00 

16.  50 

17.  00 
17.  50 
la.  00 
la.  50 
19.  00 

19.  50 

20.  00 

20.50 

21.  00 
21.50 
22.00 

22.  50 
23.00 

23.  50 

24.  00 

24.  50 

25.  00 


1. 000000 
0.961719 
0. 669529 
0. 762325 
0. 662398 
0. 573867 
0. 495750 
0. 427027 
0. 366690 
0.313486 
0. 266306 
0. 224407 
0. 187358 
0. 154893 
0. 126779 
0. 102750 
0. 082488 
0. 065626 
0.051773 
0. 040526 
0. 031499 
0. 024326 
0.018681 
0. 014275 
0. 010862 
0. 008236 
0. 006227 
0. 004697 
0. 003538 
0. 002662 

0. 002002 

0. 001506 
0.001134 
0. 000655 
0. 000645 
0. 000489 
0. 000371 
0. 000282 
0.000215 
0. 000165 
0. 000127 
0. 000098 
0. 000075 
0. 000058 
0. 000045 
0. 000035 
0. 000027 
0. 000021 
0. 000017 
0. 000013 
0. 000010 


1. 000000 

0. 986984 
0.  951  163 
0. 898065 
0.  834688 
0.767021 
0.  699592 
0. 634581 
0.  572860 
0.514663 
0.  46007S 
0. 409220 
0.  362203 
0.  319091 
0.  279853 
0. 244376 
0.  21247B 
0. 183946 
0.  158549 
0. 136052 
0.  116225 
0. 098845 
0.  083694- 
0. 070560 
0.  059241 
0. 049542 
0.  041277 
0. 034272 
0.  028367 
0.  023413 
0.  019276 
0.015837 
0.  012988 
0. 010638 
0.  008 7«4- 
0. 007118 
0.  005813 
0. 004759 
0.  003895 
0. 003190 
0.  002617 

0. 002150 

0.  001771 
0. 001461 
0.  001229 
0. 001004 
0.  000835 
0. 000697 
0.  000584- 
0. 000491 
0.  000414 


sb2& 


Vm 

Cm>^0> 

jbi  lity 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

2.976 

3.  194 

2.946 

2.802 

2.973 

20-X 

5.  968 

6.246 

5.855 

5.302 

5.829 

10?C 

7.786 

8.046 

7.681 

6.764 

7.  56B 

5% 

9.374 

9.569 

9.258 

7.  998 

9.079 

1% 

12.735 

12.608 

12.376 

10.440 

12.  164 

vg 

ua-t. 

Cm^&y 

abi  lity 

FftLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

5054 

4.636 

5.073 

4.654 

4.221 

4.634 

2056 

8.375 

8.803 

8.348 

7.376 

8.  219 

10% 

10.776 

11. 107 

10.681 

9.282 

10.  467 

554 

12.939 

13. 137 

12.737 

10.928 

12.476 

1% 

17. 725 

17.283 

16.794 

14. 172 

16.  665 

\yjn 

i^^n 

C  inF>lii  > 

abi  1  ity 

FRLL 

WINTER 

SPRING 

SUMMER 

ANNUflL 

50% 

6.657 

7.  144 

6.591 

6.267 

6.650 

20% 

13.350 

13.973 

13.097 

11.860 

13. 040 

10% 

17. 417 

17.998 

17.  182 

15. 131 

16.  929 

5% 

20. 969 

21.404 

20.709 

17.890 

20. 309 

1% 

28. 487 

28.203 

27. 685 

23. 353 

27.  £10 

Vgua-t. 

<  mp>l>  > 

abi lity 

FALL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50% 

10.370 

11. 348 

10.410 

9.  442 

10.367 

20% 

18.734 

19. 691 

18.674 

16.499 

18.  385 

10% 

24. 104 

24. 847 

23. 894 

20.764 

23.  414 

5% 

28. 945 

29. 387 

28. 492 

24. 446 

27.909 

1% 

39. 650 

38. 662 

37. 567 

31.701 

37.  27S 

3Wi-300»-.&-c> 


sO 


Cv] 


00 


.€D^TOJii      ^KliaU^^I^ 


jlocity  ( 

(Zi. 

00 

0. 

50 

1. 

00 

1. 

50 

£. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 

4. 

50 

5. 

00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

8. 

00 

a. 

50 

9. 

00 

g. 

50 

113. 

00 

10. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

16. 

50 

17. 

00 

17. 

50 

18. 

00 

IB. 

50 

19. 

00 

19. 

50 

20. 

00 

20. 

50 

21. 

00 

21. 

50 

22. 

00 

22. 

50 

23. 

00 

23. 

50 

24. 

00 

24. 

50 

25. 

00 

(m/s) 


Probability  Vmean 


Probability  Vgust 


1. 000000 

0. 957709 
0. 882418 
0. 794918 
0.702136 
0. 612600 
0. 530375 
0. 456415 
0. 390599 
0. 332541 
0.281737 
0. 237586 
0. 199437 
0. 166635 
0. 138562 
0.  114649 
0. 094379 
0. 077285 
0. 062949 
0. 050993 
0.041082 
0. 032917 
0. 026232 
0. 020795 

0.016400 

0. 012870 
0.010053 
0. 007818 
0. 006054 
0. 004671 
0. 003592 
0. 002754 

0. 002106 
0.001607 

0.001224 
0. 000932 

0. 000709 

0. 000539 

0. 000410 

0.  000313 
0. 000238 
0. 000182 

0. 000140 
0. 000107 
0. 000083 
0. 000064 
0. 000049 
0. 000038 
0. 000030 

0. 000023 

0. 000018 


1. 000000 

0. 985295 
0.  948251 
0. 897914 
0.  840213 
0. 778199 
0.  713954- 
0. 649388 
0.  586133 
0. 525444 
0.  468145 
0. 414762 
0.  365582: 
0. 320723 
0.  280  16& 
0.  243787 
0.  21138S 
0. 182691 
0.  157418 
0. 135256 
0.  115896 
0. 099042 
0.  084415 
0.071758 
0.  060838 
0. 051443 
0.  043383 
0. 036488 
0.  030683 
0.025610 
0.  02137S 
0.017791 
0.014775 
0.012241 

0.  010120 

0. 008349 
0.  006875 
0. 005651 
0.  004638 
0. 003801 
0.  003 11£ 
0.  002545 

0.  002080 

0.001699 
0.  001388 
0.  001134 
0.  00092G 
0. 000757 
0.  000620 
0. 000508 
0.  000418 


Vm 

^an 

C 

mx^y 

Probabi lity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

3. £10 

3.430 

3.  196 

£.987 

3.  £05 

£0-/4 

6.  ia& 

6.  £69 

6.016 

5.540 

5.993 

l<d% 

8.  £06 

8.  161 

7.918 

7.  180 

7.  861 

5"X 

9.994 

9.  933 

9.648 

8.605 

9.550 

IS 

13.611 

13.645 

13.071 

11.36£ 

13.  01E: 

vs 

^^^ 

< 

m/a> 

Probabi lity 

FftLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

4.  7£5 

5.  167 

4.754 

4.  £73 

4.7£2 

£0-X 

8.368 

8.663 

8.310 

7.  4£9 

8.  198 

10-/. 

10. 859 

10.937 

10.63£ 

9.446 

10.  47£ 

5-/. 

13. 149 

13. 1£1 

1£. 766 

11. £47 

1£.  590 

1-/. 

17.889 

17.866 

17.065 

14.776 

17.  034- 

sym 

.^^n 

< 

inp^)i> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

ftNNUflL 

50-/. 

7.  180 

7.67£ 

7.  150 

6.681 

7.  170 

£0-/. 

13. 837 

14.0££ 

13.456 

1£. 393 

13.405 

10-/ 

18. 357 

18. £55 

17.71£ 

16.06£ 

17.  585 

5% 

££. 356 

££. ££0 

£1.58£ 

19. £48 

£1.363 

ly. 

30. 447 

30. 5£3 

£9. £39 

£5.415 

£9.  107 

Vgua-t 

< 

mfal-k.  > 

Probabi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50-X 

10.569 

11.558 

10.633 

9.559 

10.563 

£0% 

18.719 

19.378 

18.589 

16.618 

18.339 

10% 

£4. £91 

£4.465 

£3. 78£ 

£1. 130 

£3.  424 

5% 

£9.415 

£9. 35£ 

£8. 557 

£5. 159 

£8. 16£ 

1% 

40.016 

39.965 

38.  174 

33. 05£ 

38.  1«4 

SN£7 
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IS 
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IS 
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o 
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s 

00 


CD 
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s 
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CD 


s 

IS 

s 

00 


s 

o 
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kOST-ON       AMMUAI^ 


Velocity 

(rr 

e. 

00 

0. 

50 

1. 

00 

1. 

50 

£. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 

4. 

50 

5. 

00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

a. 

00 

a. 

50 

9. 

00 

9. 

50 

10. 

00 

liZi. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

16. 

50 

17. 

00 

17. 

50 

la. 

00 

la. 

50 

19. 

00 

19. 

50 

20. 

00 

20 

50 

21. 

00 

21 

.50 

22 

00 

22 

.  50 

23 

00 

23 

.50 

24 

.  00 

24 

.  50 

25 

.00 

(m/s) 


Probability  Vmean 


Probability  Vg ust 


1. 000000 

0. 951595 
0. 869947 
0. 781613 
0. 691536 
0. 603590 
0. 520326 
0. 443467 
0.374145 
0. 312697 
0. 259039 
0.212767 
0. 173325 
0. 140076 
0. 112349 
0. 069461 
0. 070750 
0. 055592 
0.043415 
0. 033710 
0. 026033 

0. 020001 

0.015294 
0. 011643 
0. 006628 
0. 006670 
0. 005023 
0. 003773 
0. 002828 
0. 002116 
0.001582 
0. 001161 
0. 000883 

0. 000660 

0. 000494 
0. 000370 
0. 000278 

0. 000209 

0.000158 

0. 000119 
0. 000090 

0. 000069 
0. 000052 

0. 000040 
0. 000030 

0. 000023 
0. 000018 

0. 000014 
0. 000010 
0. 000008 
0. 000006 


1. 000000 

0. 982872 
0.  942153 
0. 889968 
0.  83237^ 
0.771925 
0.  71iZi08^ 
0. 648037 
0.  58685^ 
0. 527454 
0.  47057B 
0.416803 
0.  366558 
0.320138 
0.  277711 
0. 239329 
0.  204949 
0. 174445 
0.  147623 
0. 124241 
0.  10402& 
0. 086682 
0.  071910 
0. 059412 
0.  048904- 
0.  040120 
0.  03281& 
0. 026771 
0.  021783 
0. 017699 
0.  014352: 
0. 011622 
0.  009400 
0. 007597 
0.  006  13G 
0.  004953 
0.  003998 
0. 003227 
0.  002605 
0. 002104 
0.  001701 
0.001376 
0.  001  114- 
0.  000903 
0.  0013733 
0. 000596 
0.  00IZ14S5 
0.  000395 
0.  00IZI323 
0. 000264 
0.  00IZI217 


SB27 


^/m• 


sabi  1  ity 


£ei-/. 

1I3-/4 
5-/. 

l*/4 


FALL 


WINTER 


SPRING 


SUMMER 


10.603 
IS. 221 
22. 3S8 
27. 395 
36.917 


11.890 
19.598 
24. 131 
28. 224 
37. 257 


10.693 
18.446 
23. 180 
27. 397 
35.681 


9.417 
15.976 
19.910 
23. 368 
30. 323 


ONNUflL 


50-/4 

3.  130 

3.433 

3.  128 

2.867 

3.  13a 

20-^ 

5.766 

6.  020 

5.723 

5.  133 

5.662 

1054 

7.480 

7.636 

7.391 

6.526 

7.  270 

5-/. 

9.040 

9.  130 

8.894 

7.765 

8.730 

1-/. 

12.274 

12.383 

11.903 

10. 182 

11.  79£ 

Vg 

riaci-t 

Cm>^a> 

sabi  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

RNNUflL 

50-/. 

4.740 

5.315 

4.780 

4.210 

4.741 

20-/. 

6.  146 

8.761 

8.246 

7.  142 

8.081 

10% 

10.281 

10.788 

10.362 

8.  901 

10.  116 

5'/ 

12.247 

12.617 

12.248 

10. 446 

11.948 

1% 

16. 503 

16.655 

16.040 

13.556 

15.  865 

Vin 

««« 

Cmp^k> 

aabi  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50-/. 

7.  001 

7.679 

6.996 

6.413 

7.007 

20-/4 

12. 898 

13.466 

12.802 

11.483 

12.665 

10/4 

16.733 

17.081 

16.533 

14.597 

16.  £6£ 

5-/. 

20. 222 

20. 423 

19.895 

17.370 

19. 528 

1-X 

27. 455 

27. 699 

26.626 

22. 777 

26.  37B 

Vg 

ruc&i=. 

<mpl%  > 

bability 

FALL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

10.606 
18.077 
22.  629 
26.  727 
35.  489 


M  1-4  O  O  >— I  H  > 


TON       AKHaUAL 


locity    (m/s) 


Pr^obability    Vmean 


Probability    Vg ust 


0.  00 

0.  50 

1.  00 

1.  50 

2.  00 

2.  50 

3.00 

3.  50 

4.  00 

4.  50 

5.00 

5.  50 

6.  00 

6.  50 

7.00 

7.  50 
a.  00 
a.  50 

9.00 

9.  50 

10.  00 

10.  50 

11.  00 

11.50 

12.  00 

12.  50 

13.  00 

13.  50 

14.  00 

14.  50 

15.  00 

15.  50 

16.  00 

16.  50 

17.  00 
17.50 
la.  00 
la.  50 
19.  00 

19.  50 

20.  00 

20.  50 

21.00 

21.  50 
22.00 
22.50 
23.  00 

23.  50 

24.  00 
24.50 

25.  00 


1. 000000 

0. 963291 
0.a71369 
0. 749335 
0.615752 
0. 484890 
0. 367465 
0. 269317 
0. 191790 
0. 133263 
0. 090701 
0.  060725 
0. 040199 
0. 026488 
0.017514 
0. 011727 
0. 008021 
0. 005643 
0. 004095 
0. 003062 
0. 002350 
0. 001841 
0. 001464 
0. 001175 
0. 000950 
0. 000771 

0. 000627 

0. 000510 

0. 000416 
0. 000339 
0. 000276 
0.  000224 
0. 000182 
0. 00014a 

0. 000120 

0. 000097 
0. 000078 
0. 000063 

0. 000051 

0. 000041 
0. 000033 

0. 000026 
0. 000021 
0. 000016 

0. 000013 

0. 000010 
0. 000008 
0. 000006 
0. 000005 
0. 000004 
0. 000003 


1 . 000000 

0.986461 
0.  948997 
0. 892041 
0.821009 
0.741209 
0.  657234- 
0. 572856 
0.491  131 
0.414447 
0.  344521 
0. 282395 
0.  22848B 
0.  1S2701 
0.  144557 
0. 113329 
0.  088164- 
0.068172 
0.  05£4g£ 
0. 040332 
0.  030994- 
0.  023878 
0.018488 
0. 014420 
0.011352: 
0.  009033 
0.007271 
0. 005922 
0.  004878 
0. 004060 
0.  00341  ei 
0.  002886 
0.  002458 
0.002104 
0.  001803 
0.001559 
0.  0013A7 
0.001165 
0.  001  093 
0.000875 
0.  00IZI753 
0. 000659 
0.  00057S 
0.  000496 
0.  00IZ1431 
0.  000373 
0.  000324- 
0.  000281 
0.  00IZI243 
0. 000211 
0.  00IZI18E: 


Vm< 


Probabi 1 ity 


5iZi% 

10% 
5-/. 


FPILL 


WINTER 


SPRING 


SUMMER 


8.797 
14. 102 
17. A59 
£0. 78A 
30. 903 


10.090 

15. 589 
18.813 
£1. 689 
£8. 1£4 


9.  16£ 
14. 715 
18.098 
£1.  156 
£7.  8£0 


7.5££ 
11.884 
14.460 
16.781 
£1.875 


ftNNUflL 


50% 

£.431 

£.819 

£.538 

2.067 

2.442 

£0% 

3.  9£8 

4.411 

4.  1£4 

3.306 

3.947 

10% 

4.884 

5.354 

5.   100 

4.030 

4.  891 

5% 

5.  8£0 

6.  183 

5.976 

4.7£0 

5.761 

1% 

8.585 

7.938 

7.861 

6.  1£5 

7.  733 

• 

Vg 

ui.ei-li. 

<wmj^ay 

Probabi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50% 

3.933 

4.510 

4.096 

3.363 

3.946 

£0% 

6.  304 

6.969 

6.578 

5.313 

6.311 

10% 

7.805 

8.410 

8.090 

6.464 

7.  765 

5% 

9.  £91 

9.696 

9.458 

7.  50£ 

9.  102 

1% 

13.815 

1£. 573 

1£.  436 

9.779 

12.  S91 

>/m 

^^n 

<mpl^> 

Probabi 1 ity 

FRLL 

WINTER 

SPRING 

SUMMER 

RNNUflL 

50% 

5.437 

6.305 

5.676 

4.6£5 

5.463 

£0% 

8.786 

9.  867 

9.  ££5 

7.  394 

8.8£9 

10% 

10.9£6 

11.976 

11.408 

9.015 

10.  940 

5% 

13.019 

13. 831 

13.368 

10.558 

1£. 888 

1% 

19. £04 

17.757 

17.585 

13. 70£ 

17.  £98 

vs 

rua-t:^ 

Cmp^k  > 

Probabi lity 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

8.826 
14. 118 
17.  369 
£0. 36£ 
£7.  495 


SN£a 


I>Ui^O<L7i-iH> 


03 


si3 


CD 
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63 


S 

GO 


CD 

CD 
0^ 


IS 

<s 

CD 
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s 
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s 
s 
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s 
s 
o 
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CD 
OS 
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S 
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IBOSI'ON       ANNUAL^ 


Velocity 

'  (n 

0. 

00 

iZI. 

50 

1. 

00 

1. 

50 

2. 

00 

2. 

50 

3. 

00 

3. 

50 

4. 

00 

A. 

50 

5. 

00 

5. 

50 

6. 

00 

6. 

50 

7. 

00 

7. 

50 

a. 

00 

8. 

50 

9. 

00 

9. 

50 

10. 

00 

10. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

16. 

,50 

17. 

00 

17. 

,50 

18. 

00 

18. 

,50 

19. 

00 

19. 

,50 

20. 

,00 

20. 

,50 

21. 

,00 

21, 

.50 

22. 

,00 

22. 

.50 

23. 

.00 

23. 

.50 

24. 

.00 

24, 

.50 

25. 

.  00 

(m/s) 


Probability  Vmean 


Probability  Vg ust 


1 . 000000 

0. 962643 
0.871452 
0. 753082 
0. 625018 
0.500114 
0. 387549 
0. 292201 
0.215327 
0. 155774 
0. 111101 
0. 078430 
0.  054995 
0. 038423 
0. 026821 
0. 018750 
0.013156 
0. 009283 
0. 006598 
0. 004729 
0. 003421 
0. 002499 
0.001842 
0. 001370 
001027 
000775 
000588 
000447 
0. 000342 
0. 000261 
0. 000200 
0.  000153 
0. 000117 
0. 000090 
0. 000066 
0. 000052 
0. 000040 

000030 
000023 

000017 

000013 

0. 000010 
0. 000007 
0. 000005 
0. 000004 
0. 000003 
0. 000002 
0. 000002 

0. 000001 
0. 000001 
0. 000001 


0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 


1. 000000 

0. 986867 
0.  g5iZi974- 
0. 897194 
0.  831  101 
0.  757750 
0.  681  167 
0. 604420 
0.  529831 
0.459142 
0.  393589 
0. 333967 
0.  280683 
0. 233823 
0.  193S14- 
0. 158493 
0.  129165 
0. 104662 
0.  084385 
0. 067748 
0.  054195 
0. 043225 
0.  034393 
0.027315 
0.  021&6& 
0.017172 
0.  013608 
0. 010787 
0.  008559 
0. 006802 
0.  005417 
0. 004325 
0.  003463 
0. 002783 
0.  002245 
0.  001818 
0.  001478 
0. 001207 
0.  000989 
0. 000814 
0.  000673 
0. 000557 
0.  00IZ1463 
0. 000386 
0.  000323 
0. 000270 
0.  000228 

0. 000190 

0.  0001621 
0. 000134 
0.  000113 


5828 


V^m. 


Cm^. 


abi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

2.494 

2.831 

2.560 

2.  178 

2.501 

eo-x 

4.  148 

4.  508 

4.241 

3.573 

4.  129 

10% 

5.229 

5.576 

5.315 

4.448 

5.  170 

5% 

6.272 

6.569 

6.330 

5.263 

6.  151 

1% 

8.826 

8.830 

8.594 

6.953 

a.  487 

Vgua-t 

<mXa> 

abi  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

50% 

4.  196 

4.770 

4.296 

3.662 

4.211 

20% 

6.  938 

7.588 

7.094 

5.987 

6.916 

10% 

8.699 

9.323 

8.  856 

7.420 

8.  615 

5% 

10. 363 

10.909 

10.470 

8.703 

10. 191 

1% 

14.316 

14.349 

13.938 

11.329 

13.  677 

Vin 

te^n 

C  mpl^  > 

abi  lity 

FALL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50% 

5.578 

6.333 

5.728 

4.872 

5.593 

20% 

9.280 

10.085 

9.488 

7.993 

9.236 

10% 

1 1 . 697 

12.473 

1 1 . 890 

9.949 

11.  565 

5% 

14.029 

14.694 

14. 159 

11.773 

13.759 

1% 

19.742 

19.753 

19.224 

15.554 

18.  807 

^>^^xx^-tL.       <  m£>l^  > 


bility 

FfiLL 

WINTER 

SPRING 

SUMMER 

PiNNUflL 

50% 

9.  387 

10.671 

9.609 

8.  192 

9.420 

20% 

15.519 

16.974 

15.869 

13.392 

15.472 

10% 

19. 459 

20. 856 

19.810 

16.598 

19.  271 

5% 

23.  182 

24. 402 

23. 420 

19. 469 

22. 797 

1% 

32. 023 

32.098 

31. 178 

25. 343 

30.  594- 

3UniJOO>-iE-<> 


BOSTON   ANNUAI^ 

• 

Blocity  (m/s) 

Probability  Vmean 

Probability  Vgust 

0.  00 

1. 000000 

1. 000000 

0.  50 

0. 887460 

0. 968252 

1.00 

0.646186 

0.  882323 

1.  50 

0. 422990 

0.761914 

£.00 

0. 265370 

0.  629470 

2.  50 

0. 162698 

0. 502009 

3.00 

0. 037327 

0.  389140 

3.  50 

0. 056603 

0. 294689 

4.00 

0. 032013 

0.  218827 

4.  50 

0.017656 

0. 159730 

5.00 

0. 003530 

0.  114753 

5.50 

0. 005052 

0.081186 

6.00 

0. 002638 

0.  056553 

6.  50 

. 0. 001360 

0. 038787 

7.00 

0. 000634 

0.  026  193 

7.  50 

0. 000350 

0. 017440 

8.00 

0.000175 

0.  011456 

a.  50 

0. 000087 

0. 007438 

9.00 

0. 000042 

0.  004785 

3.  50 

0.000021 

0. 003058 

10.  00 

0. 000010 

0.  001943 

10.50 

0. 000005 

0. 001243 

11.  00 

0. 000002 

0.  000796 

11.  50 

0. 000001 

0. 000515 

12.00 

0. 000000 

0.  000336 

12.50 

0. 000000 

0. 000223 

13.00 

0. 000000 

0.  000150 

13.50 

0. 000000 

0.000102 

14.  00 

0. 000000 

0.  000070 

14.50 

0. 000000 

0. 000049 

15.00 

0. 000000 

0.  00003A- 

15.50 

0. 000000 

0. 000024 

16.00 

0. 000000 

0.  000017 

16.  50 

0. 000000 

0. 000012 

17.00 

0. 000000 

0.  000003 

17.50 

0. 000000 

0. 000006 

18.00 

0. 000000 

0.  000004- 

18.50 

0. 000000 

0. 000003 

13.  00 

0. 000000 

0.  00000£ 

13.  50 

0. 000000 

0. 000001 

20.00 

0. 000000 

0.  000001 

20.50 

0. 000000 

0. 000001 

21.00 

0. 000000 

0.  000000 

21.50 

0. 000000 

0. 000000 

22.00 

0. 000000 

0.  000000 

22.50 

0. 000000 

0. 000000 

23.00 

/                 0. 000000 

0.  000000 

23.50 

0. 000000 

0. 000000 

24.  00 

0. 000000 

0.  000000 

24,50 

0. 000000 

0. -000000 

25.  00 

0. 000000 

0.  000000 

9 

Vm 

&Qn 

< 

my^^> 

Probabi 1 ity 

POLL 

WINTER 

SPRING 

SUMMER 

ONNUflL 

5iZi% 

1.333 

1.473 

1.384 

1.  127 

1.327 

aei-x 

2.  362 

2.517 

2.391 

1.945 

2.318 

1IZI-/4 

3.048 

3.270 

3.056 

2.506 

2.  ssei 

5/4 

3.  719 

3.924 

3.693 

3.062 

3.634 

1% 

5.  126 

5.303 

4.950 

4.301 

4.  371 

Vg 

ia«t 

< 

my^a> 

Probabi 1 ity 

FftLL 

WINTER 

SPRING 

SUMMER 

PlNNUflL 

5IZI-/4 

£.503 

2.855 

2.611 

2.  131 

2.509 

20/4 

4.205 

4.549 

4.290 

3.521 

4.  159 

1IZI-/4 

5.  308 

5.648 

5.337 

4.437 

5.  £20 

5% 

6.  318 

6.634 

6.  276 

5.283 

6.  184 

1% 

8.472 

8.612 

8.  151 

6.991 

a.  181 

Vm 

^«r^ 

< 

snpl^  > 

Probabi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

fiNNUflL 

50-/4 

2.981 

3.295 

3.097 

2.521 

2.969 

20% 

5.283 

5.  630 

5.349 

4.352 

5.  186 

10% 

6.819 

7.316 

6.836 

5.606 

6.  665 

5% 

a.  318 

8.778 

8.  260 

6.  850 

a.  130 

1% 

11.467 

11.862 

11.073 

9.620 

11.  120 

Vg 

ia«-t. 

<. 

mpl^  > 

Probabi 1 ity 

FPLL 

WINTER 

SPRING 

SUMMER 

PNNUflL 

50-/. 

5.600 

6.387 

5.841 

4.767 

5.612 

20% 

9.407 

10. 177 

9.598 

7.876 

9.304 

10% 

11.873 

12.634 

11.939 

9.924 

1 1 .  676 

5% 

14. 132 

14.839 

14.039 

11.818 

13.834 

1% 

18.951 

19.265 

18.232 

15.638 

18.  3Q1 

SN29 


:>wnjoo«-ih> 
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TON       ANNUAI^ 


Velocity 

'  (n 

0. 

00 

iZi. 

50 

1. 

00 

1. 

50 

a. 

00 

2. 

50 

3. 

00 

3. 

50 

■  4. 

00 

4. 

50 

5. 

00 

5. 

50 

6. 

00 

&. 

50 

7. 

00 

7. 

50 

a. 

00 

a. 

50 

9. 

00 

9. 

50 

10. 

00 

10. 

50 

11. 

00 

11. 

50 

12. 

00 

12. 

50 

13. 

00 

13. 

50 

14. 

00 

14. 

50 

15. 

00 

15. 

50 

16. 

00 

la. 

50 

17. 

00 

17. 

50 

18. 

00 

18. 

,50 

19. 

00 

19. 

,50 

20. 

00 

20. 

,50 

21. 

,00 

21. 

,50 

22. 

,00 

22, 

,50 

23. 

,00 

23. 

,50 

24. 

,00 

24. 

.50 

25. 

,00 

(m/s) 


Probability    Vmean 


Probability    Vg ust 


1. 000000 

0. 911911 
0. 782404 
0.642196 
0. 505219 
0. 381840 
0.278411 
0. 196477 
0. 134434 
0.063119 
0. 040098 
0. 024686 
0.014734 
0. 008536 

0. 004810 

0. 002646 
0. 001429 
0. 000762 
0. 000405 

0. 000216 

0. 0001 17 
0. 000065 

0. 000037 
0. 000021 
0. 000013 
0. 000008 
0. 000005 
0. 000003 
0. 000002 
0. 000001 
0. 000001 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 
0. 000000 


1. 000000 

0. 966273 
0.  90526B 
0. 829759 
0.  744456 
0.655131 
0.  566015 
0.480219 
0.  400  12E 
0. 241445 
0.  19c:95& 
0. 151413 
0.  116713 
0. 088412 
0.  065848 
0. 048243 
0.  034790 
0.024712 
0.  017386 
0.011963 
0.  008175 
0. 005534 
0.  003719 
0. 002490 
0.  00 1  666 
0. 001119 
0.  0013757- 
0. 000517 
0.  00IZI359 
0. 000253 

0.  000181 
0.000131 

0.  00IZI097' 
0. 000072 

0.  00005^ 
0. 000041 
0.  00IZ1031 

0. 000023 

0.  000018 

0. 000013 

0.  000010 
0. 000008 

0.  000006 
0. 000004 

0.  000003 
0. 000003 

0.  00lZl00a 
0. 000001 

0.  000001 
0. 000001 

0.  000001 
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Vm 

<m>^a> 

abi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

5iZI% 

1.97A 

2.512 

2.  074 

1.649    . 

S.021 

22}% 

3.373 

4.072 

3.  630 

2.809 

3.  478 

10% 

4.217 

4.960 

4.  172 

3.491 

4.  £41 

5-X 

4.949 

5.740 

4.336 

4.  144 

4.785 

1% 

6.481 

7.230 

4.467 

5.438 

6.  38£ 

Vg 

rx^«t 

<m>^a> 

abi 1 ity 

FfiLL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

3.334 

4.  101 

3.448 

2.806 

3.385 

£0% 

5.  447 

6.409 

4.259 

4.606 

4.927 

10% 

6.  687 

7.701 

4.379 

5.657 

6.  £95 

5% 

7.771 

8.  797 

4.440 

6.559 

7.450 

1% 

10. 021 

10.923 

4.488 

8.382 

9.  759 

Vxn 

««« 

Cmpl%> 

abi 1 ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

4.415 

5.619 

4.640 

3.689 

4.521 

20% 

7.546 

9.  108 

8.  120 

6.283 

7.781 

10% 

9.  434 

11.094 

9.333 

7.809 

9.  488 

5% 

11.071 

12.839 

9.700 

9.271 

10.704 

1% 

14. 497 

16.  174 

9.993 

12. 163 

14.  £7& 

Vg 

rufii-t 

<  inpl>.  > 

abi  1  ity 

FALL 

WINTER 

SPRING 

SUMMER 

ANNUAL 

50% 

7.457 

9.  173 

7.713 

6.276 

7.571 

20% 

12. 184 

14.336 

9.  526 

10.304 

11.0££ 

10% 

14.957 

17.226 

9.796 

12.655 

14.  08£ 

5% 

17.384 

19.678 

9.931 

14.671 

16.665 

1% 

22.416 

24. 434 

10.039 

18.751 

£1.  830 
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APPENDIX  B 
SEASONAL  VARIATIONS  AT  THE  WINDIEST  POINTS 

PEDESTRIAN  WIND  IMPACTS 

In  this  section  we  consider  the  seasonal  variations  of  the 
wind.   We  analyze  in  detail  the  seven  locations  that  for  the 
no-build  condition,  have  gusts  which  exceed  the  BRA  criteria, 
i.e.,  the  wind  is  31.5  mph  more  than  one  percent  of  the  time. 
Table  B-1  presents  these  locations  in  order  of  the  1%  annual 
gust  winds.   Rather  than  repeat  the  phrase  "gust  winds  exceeded 
1%  of  the  time"  we  will  just  say  "the  wind"  in  this  section. 
For  each  location,  we  present  the  seasonal  results  for  the 
no-build,  and  build  condition.   The  summer  winds  are  always  less 
than  the  annual  winds  and  are  about  4.9  mph  smaller.   The 
windiest  season  is  sometimes  fall  and  sometimes  winter, 
depending  on  the  location.   At  only  one  condition  was  spring  the 
windiest  season.   At  six  conditions  fall  was  windiest,  and  at 
seven  conditions  winter  was  windiest.   The  maximum  seasonal  gust 
winds  exceeded  the  annual  gust  winds  by  about  2.4  mph. 

Note  that  the  annual  1%  gust  speed  is  almost,  but  not 
exactly,  the  average  of  the  seasonal  1%  gust  speed.   A  note  on 
the  computation  is  in  order.   For  each  season  we  compute  a 
cumulation  probability  versus  velocity.   We  then  sum  these 
probabilities  at  each  velocity  and  divide  by  the  number  of 
seasons  to  get  the  annual  cumulative  probability  versus 
velocity.   The  results  of  this  calculation  is  presented  for  each 
point  in  Appendix  A.   This  list  is  searched  for  the  velocity 
corresponding  to  a  cumulative  probability  of  1%.   It  is  the 
velocity  which  is  the  annual  1%  gust  velocity. 

A  discussion  for  each  of  the  seven  windiest  locations 
follows: 

Point  27  -  The  south  corner  of  the  Fiduciary  Trust 
Building.   In  both  the  build  and  no-build  case  the  windiest 
season  is  fall.   The  addition  of  the  new  building  reduces 
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the  annual  wind  but  has  almost  no  effect  on  the  fall  gust 
winds.   In  both  the  build  and  no-build  case  the  summer 
winds  are  less  than  the  annual  wind  by  5  mph. 

Point  26  -  The  north  corner  of  Summer  Street  opposite 
Financial  Center.   For  both  the  build  and  no-build  cases 
fall  is  the  windiest  season.   The  fall  winds  exceed  the 
annual  by  2.6  mph  for  the  no-build  case  and  2.4  mph  for  the 
build  case.   During  the  summer  the  winds  are  about  5.5  mph 
less  than  the  annual  wind. 

Point  25  -  The  north  corner  of  Financial  Center.   For  both 
the  build  and  no-build  case  there  is  very  little  variation 
in  wind  between  the  fall,  winter  and  spring.   For  the 
no-build  case  spring  is  the  windiest  season  and  exceeds  the 
annual  wind  by  l.A  mph.   For  the  build  case  winter  is 
windiest  and  exceeds  the  annual  wind  by  1.5  mph.   The 
summer  wind  is  smaller  than  the  annual  wind  by  5.5  and  4.9 
mph  respectively  for  the  no-build  and  build  case. 

Point  17  -  The  west  corner  of  Financial  Center.  There  is 
almost  no  difference  between  the  build  and  no-build  case. 
Winter  is  the  windiest  season  and  exceeds  the  annual  wind 
by  2.8  mph.  The  summer  winds  are  smaller  than  the  annual 
winds  by  4  mph. 

Point  12  -  The  south  corner  of  100  Summer  Street.   There  is 
almost  no  difference  between  the  build  and  no-build  case. 
Fall  is  the  windiest  season  with  winds  that  exceed  the 
annual  winds  by  1.8  mph.   The  summer  winds  are  smaller  than 
the  annual  winds  by  4  mph. 

Point  11  -  The  southeast  corner  of  100  Summer  Street. 
Winter  is  the  windiest  season.   Both  the  build  and  no-build 
cases  have  winds  that  exceed  the  annual  wind  by  2.4  mph. 
The  summer  winds  are  smaller  by  4.5  mph. 
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Point  10  -  The  apex  of  the  intersection  of  Summer  and  West 
Bedford  Streets.   Winter  is  the  windiest  season  and  has 
winds  that  exceed  the  annual  wind  by  2.4  mph.   The  summer 
winds  are  smaller  than  the  annual  winds  by  5.6  mph. 
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TABLE  B-1 
125  SUMMER  STREET 

GUST  VELOCITIES  (MPH)  EXCEEDED  1%  OF  THE  TIME 

SEVEN  WINDIEST  LOCATIONS 

SEASONAL  EFFECTS 


Location 

Fall 

Winter 

Spring 

Summer 

Annual 

27  N 

AO.O 

39.9 

38.1 

33.0 

38.1 

B 

39.9 

37.2 

35.8 

30.3 

35.4 

26  N 

40.4 

39.2 

37.9 

32.4 

37.8 

B 

39.6 

38.6 

37.5 

31.7 

37.2 

23  N 

38.2 

38.6 

38.7 

31.8 

37.3 

B 

37.8 

38.4 

38.1 

32.0 

36.9 

17  N 

35.2 

37.1 

34.1 

30.2 

34.3 

B 

34.7  ■ 

37.1 

34.0 

30.3 

34.2 

12  N 

35.2 

34.8 

33.4 

29.5 

33.4 

B 

35.4 

34.7 

33.9 

29.3 

33.5 

11  N 

32.1 

35.0 

33.3 

27.9 

32.6 

B 

33.8 

36.4 

34.5 

29.5 

34.0 

10  N 

31.3 

34.8 

33.6 

26.8 

32.4 

30.3 

33.6 

32.3 

25.5 

31.2 

N  =  No-Build 
B  =  Build 
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150  Federal  Street 
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125  SUMMER  STREET 
BOSTON,  MASSACHUSETTS 
CONTRACT  NO.  4434 


July  9,  1986 

Traffic  and  Parking  Department 
City  of  Boston 

One  City  Hall  Plaza,  Room  721 
Boston,  MA  02201 

ATTENTION  COMMISSIONER  DIMINO      RE:  TRAFFIC  MAINTENANCE  AGREEMENT 

125  Summer  Street 

Gentlemen: 

Turner  Construction  Comoany  has  long  recognized  the  need  for  proper  plan- 
ning of  all  operations  as  they  relate  to  the  construction  of  any  project, 
large  or  small.  Pursuant  with  the  above  position,  we  propose  the  follow- 
ing plan  as  a  mechanism  to  successfully  administer  the  construction  ac- 
tivities associated  with  the  125  Summer  Street  project. 

Turner's  Project  Superintendent  will  be  the  point  person  for  all  communi- 
cation between  the  Traffic  and  Parking  Department  and  the  jobsite.  He 
will  have  reporting  to  him  an  administrative  assistant  who  will  act  as 
the  information  control  center  for  project  operations. 

In  our  procurement  process,  we  will  specifically  require  ^s^t)i   subcontrac- 
tor on  the  project  to  comply  with  Traffic  Maintenance  Agreement,  both  con- 
tractually and  through  a  formal  operational  review  process  in  which  we  will 
evaluate  their  particular  operational  requirements.  In  addition,  each  sub- 
contractor who  requires  occupational  permits  will  coordinate  those  require- 
ments with  the  Project  Superintendent  prior  to  application  for  said  permit. 
The  Project  Superintendent  shall  issue  a  letter,  addressed  to  Traffic  and 
Parking,  to  indicate  that  he  has  reviewed  the  subcontractor's  request  for 
occupation  and  found  it  in  concurrence  with  the  Traffic  Maintenance  Agree- 
ment. 

The  125  Summer  Street  project  is  bounded  by  Lincoln  Street,  Summer  Street, 
"South  Street  and  the  Surface  Artery.  The  plan  is  as  follows: 

A.  LINCOLN  STREET 


The  plan  calls  for  minimal  use  of  this  street.  The  two  temporary  elevators 
necessary  for  construction  of  the  project  will  be  located  within  the  per- 
manent receiving  area  that  is  accessed  off  Lincoln  Street.  These  elevators 
will  be  accessed  by  a  temporary  loading  dock  constructed  to  the  curb  line. 
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A.  LINCOLN  STREET  (Continued) 

Miscellaneous  daily  deliveries  will  be  made  to  this  dock  throughout  the 
project.  Ultimately  this  dock  will  be  removed,  and  the  building  will  be 
serviced  through  the  permanent  receiving  area.  This  construction  serv- 
ice requirement  will  be  needed  from  October  1987  through  June  1989. 

B.  SUMMER  STREET 

The  plan  calls  for  no  construction-related  deliveries  to  be  made  on  Sum- 
mer Street  during  normal  working  hours.  We  will  be  providing  a  lighted 
pedestrian  walkway  along  the  Summer  Street  elevation.  This  walkway  will 
be  approximately  7'-0"  wide  and  7'-0"  high  at  Lincoln  Street  and  5'-0"  wide 
and  7'-0"  high  at  South  Street.  The  location  of  this  walkway  will  be  in 
Summer  Street  proper  immediately  adjacent  to  the  exterior  facade  support 
system  associated  with  the  project.  At  the  South  Street  end,  this  walk- 
way will  pass  under  the  exterior  facade  support  system  so  as  to  minimize 
congestion  as  traffic  turns  from  Summer  Street  onto  South  Street.  This 
walkway  will  be  in  place  from  February  1987  through  May  1989. 

C.  SOUTH  STREET 


The  only  deliveries  called  for  in  the  plan  to  be  made  on  South  Street  are 
the  stone  and  steel  backup  assemblies.  These  assemblies  will  be  stored 
on  flat  bed  trailers.  These  trailers  will  be'unloaded  from  the  South 
Street  elevation  by  an  overhead  crane.  These  trailers  will  be  stored  one 
at  a  time  within  the  construction  fence.  This  marshalling  area  will  be 
in  service  from  March  1988  through  March  1989. 

D.  THE  SURFACE  ARTERY 


The  Surface  Artery  and  the  adjacent  state-owned  land  become  the  major  re- 
ceiving/unloading area  in  the  plan.  Demolition  debris,  excavation,  con- 
crete and  structural  steel  will  all  be  marshalled  in  this  area.  This 
plan,  however,  dictates  two  (2)  necessary  events:  1)  the  current  MBTA 
bus  stop  is  relocated,  and  2)  an  access  lane  be  provided  on  the  Surface 
Artery.  This  access  lane  shall  be  designated  as  a  day  lane,  i.e.,  avail- 
able for  use  only  from  the  hours  of  6  a.m.  through  3:30  p.m.  weekdays. 
During  these  hours  this  lane  will  be  defined  by  a  flexible,  removable 
barricade  system.  The  day  lane  will  be  in  use  from  November  1987  through 
December  1988.  The  area  on  the  state-owned  land  will  be  in  use  from  No- 
vember 1986  through  June  1989. 

E.  MAJOR  DELIVERY  TRUCK  ROUTING 

The  plan  calls  for  major  deliveries  and  earth  removal  equipment  traveling 
northbound  on  the  Expressway  to  exit  at  Lincoln  Street,  right  turn  onto 
Kneeland,  left  turn  onto  Atlantic,  left  turn  onto  Summer,  left  turn  onto 
Surface  Artery  and  into  the  major  receiving/unloading  area  outlined  above. 
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E.  MAJOR  DELIVERY  TRUCK  ROUTING  (Continued) 

Major  deliveries  and  earth  removal  equipment  traveling  southbound  on  the 
Expressway  are  required  to  exit  at  South  Station,  onto  the  Surface 
Artery  and  into  the  major  receiving/unloading  area. 

We  respectfully  submit  this  plan  for  your  approval  and  use.  Any  changes 
to  this  plan  necessitated  by  either  unanticipated  changes  in  the  construc- 
tion process  at  125  Summer  Street  or  any  other  extraneous  activities  not 
associated  with  the  project  will  be  implemented  only  upon  concurrence  with 
the  Traffic  and  Parking  Department  together  with  Turner's  Project  Super- 
intendent. 

yery   truly  yours, 

TURNER  CONSTRUCTION  COMPANY, 


Charges  T.  Buuc 
Project  Executive 
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TURNING  MOVEMENT  COUNTS 


1.  Congress  Street/Purchase  Street 

2.  Kneeland  Street/Atlantic  Avenue/Turnpike  Ramp 

3.  Summer  Street/Lincoln  Street/Bedford  Street 

4.  Surface  Road/South  Street/Expressway  Ramp 
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^-^CA//)St 


STREET 

ENTERING 
VOLUME 

PERCENT 
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S^o  -TV      5T 

5fi  1   ns        (^L) 

t, .  3    7o 

P^^ct/^^c    s-r 

es 
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WB 
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1 
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1.  Congress  Street/High  Street 

2.  Congress  Street/Purchase  Street 

3.  Congress  Street/Atlantic  Avenue 

4.  Federal  Street/High  Street 

5.  Kneeland  Street/Surf aceRoad/Southeast  Expressway  Ramp 

6.  Kneeland  Street/Lincoln  Street/Southeast  Expressway  Ramp 

7.  Kneeland  Street/Atlantic  Avenue/Turnpike  Ramp 

8.  Summer  Street/Lincoln  Street/Bedford  Street 

9.  Summer  Street/South  Street/High  Street 

10.  Summer  Street/Surface  Road/Purchase  Street 

11.  Summer  Street/Atlantic  Avenue 

12.  Surface  Road/Essex  Street/Lincoln  Street 

13.  Surface  Road/South  Street/Expressway  Ramp 


14 89/12 86/wpr 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Sngineers  &  Planners 

60  Birmingnam  Parkway,  Bosion.  MA  OZl  Ji 
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c 
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Aooroacn 

».  Numoer  a/' 

t          2         3 

4 

etungv  interval 

per  tiaur 
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£<?/?  rLU-n  Chet 


Aaora 


1.  Mumoer  o/' 

per  .lour 
b.  La'i  mra  asaaty 

in  v^n 

c  G/'C 

il.  Oppounj  vaiume 

ia  vpn 
e.  Lat  :urn 

^caoiy  on 

C  Lift  Eurn 

aoacity  in  vpA 

(b-el 
{.'Left  turn  roium* 

la  >T>n 
}l.  li  volume  >apmc* 

icyd  >n7 


PHASING 


/<^? 


® 

il 

^/73 

© 

© 

© 

■ 

^ 

■. 

=••'.  /j^if 

CLV-VVr 

CLV=i 

CI.V=» 

CLV= 

./^<^^^--       2C>%   y\Jl^;U2tu^  ^^      ^/      Ou:(lrx^     fflMX-  Ztr   ^.jbj^A^^^^ 


V/C.__lM_ 
LOS     7<? 


C75i  i  =.-iIA  (vnn} 


2^ 


3  ^ 


A  3" 


LC3 

A 

900 

833 

823 

a 

loao 

1000 

993 

c 

t200 

11-40 

1100 

Q 

1330 

1273 

1223 

E 

1300 

,-5C 

1-423 

1373 

1- J      V 


lasse/Hangen  Engineering,  Inc. 

-J  suiting  Engineers  &  Planners 

T.  irmingham  Parkway.  Bosion,  MA  02135 

■83-7000 


INTISSZCTION 

ALT.    /\/^:n>ihid 


<zoA/G/z£^^  4  f^f  ^H  ^T^ce 


11^ 


\ 


..    _    .  _    ,   IZAxl 

C^CULATSD    BY    g.A*2^        DATS 

iCZZD    3Y     /r-7t')m       DATS     "T'-^^-fT/'^ 


g£:iiQD     k:/7?. 


•^"'-J^-?rf^    SEZZT    ^  OF t 

joa  NO,.    .  1-^  a  y 


JTEHSECTION  GHOMETHY 


/ 


'-<£  SS 


i 


J  1 
< 


I  \  \m 


Indicate 
North 


La]'t  Turn  Check 


Aaoraaen 


I.  Numoer  ai 

e&an^  inurvaii 

per  .lour 
b.  La't  vam  aoaciiy 

OB  i:,*nnte  inismi. 

ta  vfld 
cO/'C 

d.  Oppaunf  volume 

ia  vpn 
c  Left  lum 

acaoiy  an 

jTBcn.  la  vpa 
r.  Ld't  lurn 

acsiaiy  in  vph 

(b-f) 
(.'1-eft  cum  Tolumc 

in  vpn 
h.  li  voiuine  >^p>e* 

ity(i>n7 


'HASING 


^; 


11 


il-. 


I 

7o  -'z 


H  Jox  o?/  ^ 


© 


® 


CLV= 


V3/ 


CLV-  JL(^ 


CLV= 


CLV= 


CLV= 


/^^rc-     ^^ ^o  ^X^/^i^'.^    2,/    CHx^,^"  i^j(Si_  Ztr  ^/j^Zu^^^r^ 


Z  CLV_£2Z. 
V/C    .A^ 
LOS     8 


CJ^rrcHtA  (vonJ          (2  iJ' 

) 

3  0 

A  a- 

LC3     A 

9aa 

r^ 

3SS 

823 

a 

1030 

1000 

9S3 

c 

1200 

11.40 

IIOO 

0 

laao 

12T3 

1223 

E 

1300 

r 

1X23 

1373 

\mA  L^^^J 


Vanasse/Hangen  Engineenng,  Inc.    .  ^^^-^7°?-    

Consulting  Engineers  &  Planners  Ai-*  • — -^■■''^g' 

60  Birmingnam  Parkway,  Bosion.  MA  02135 

617/783-7000 
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iroo 

ii.*a 

1330 

1273 

1300 

1^23 

/OSO 


X  3 


923 

1100 

1223 

1373 


sse/Hangen  Engineering,  Inc. 
Iting  Engineers  &  Planners 
Tiingham  Parkway.  Boston.  MA  02135 

13-7000 


ALT.      SJO:    b^iLp 


FCOe^-^L.  sTi^C£r 


CALCIILATZD    BY    &>iL 
3Y 


YZAil    /  9  8  Y 


DATZ 


PZ:iIQD 


y^/^ 


JOB   NO 


:t  ^  OF. 
(<.Bf 


TEHSECTION  GEOMETRY 


Indicate 
North 


X^/i  Toj-n  Check 

'\ 

Aooroacn 

».  .Vumber  0/ 

T          2         3          -t 

ehaBje  inierviU 

per  houf 

b.  La't  :ara  £30*017 

OS  c.'-.oate  lateml. 

la  vpn 

e.G/C 

fUuo 

i.  Oppounf  voiumc 

la  von 

e,  L^t  :um 

aoaoiy  on 

prsn.  m  v^a 

f.  Lift  turn 

as3ai7  in  vph 

(b-cl 

t.Lri't  rum  »olum« 

la  vpn 

h.  \i  volume  >apac- 

itT(I>n7 

HASING 


© 


si-^j 


3TT 


® 


li 


40^    3^\ 


© 


1 


® 


© 


5  US    l/OLWi'/TCS 

X2   =  M55. 


CLV=.     ^OO 


CLV=« 


^0( 


CLV=       (  LO 


CLV= 


CLV= 


il£I£  •■  3^%  ^Wux::zXj-^   7-^  Ox:J:ii^^^  gUis^:^  ^fzJlJ^^ 


ZCLM  JZA 

VIC     '^^ 
LOS      C. 


CnlTEnlA  (vcn) 


LC3 


A 

B 

C 

0 


nzr 


3  a- 


saa 

SflS 

1030 

1000 

1200 

11 -to 

1330 

.    1273 

IJCO   ,„^, 

^          1-1=3 

i.  3 


as2 

1100 

i::3 

1373 


wm  c^'v 


nc. 


Vanasse/Hangen  Engineering 

Consulting  Engineers  &  Planners 

60  Birmingnam  Parkway.  Boston.  MA  02135 

617/783-7000     . 


INTZ^ISZCTION 

ALT.      RV^OII 
CVLCUUVTZa    SY 


/-//^^  STj^cc  7-  / Fcc-e^  '^^  -SI 


fi^e. 


DATZ      g.>3H-S:C?       Sr~~T   ^  Q 


TtF" 


Z3    3Y 


DATZ 


2 


JC3    NOi 

/6Av7 


'•y. 


INTEHSECTION  GEOMETRY 


\^     Indicate 
^       North 


Left  Turn  Chec 


I,  .Vttmocr  a{ 
esanfe  iauervxu 
per  Hour 

h.  La't  tora  aoacity 
oa  cSaate  lairmi, 
in  »p(i 

cG/'C 

d.  Oopounf  voliunc 

ta  von 

e.  L^t  lum 
cioaoty  on 
y  LLiL  Ul  vpa 

f.  Ls't  turn 
aoaaty  in  vpn 
fb-e) 

t.  Left  mm  Toium« 
us  vpn 

II.  U  volume  >  ^psc* 


PHASING 


ll^£I£  ••    30%    yxjLAju<:t^^     'L  ff  OxJ^u^    dusu  Z^    ^fJiJiLS^,^ 


'^'     ill     P^ 

® 

© 

N 

® 

© 

J 

■- 

CLV=.     5  05 

ci.v=    Oi^ 

CLV=    ]dO 

r',v=» 

CLV= 

ECLV    5^5 


v/c. 

LOS 


P"^ 


7< 


CJiTi£.-!A  (vnnJ                        (  2  J" 

j 

3  a- 

^j 

LC3            A 

900 

saa 

«J 

a 

loao 

1000 

903 

c 

1200 

^^■^a 

1100 

D 

1330 

1273 

1223 

E 

1 

1300 

/ofo 

1-423 

1373 

nasse/Hangen  Engineering,  Inc. 
^sulti^■g  Engineers  &  Planners 
Birmingham  Parkway,  Boston.  ^M  02135 
/783-7000 


ALT  ^y_!LS__   i.:Ail_jj_g^_^  pr.^oD ;^jj;^ 

C ^-J   3- ^ DA1Z  JOB   NO.         1^8?" 


viTERSEGTlON  GEOMETRY 


Indicate 
North 


Left  Turn  Chedc 


1.  .Humber  o/" 
cisanje  intervvU 
per  iotir 

oo  c'unje  interval, 
ia  v^n 
cG/'C 

d.  Oppoiinj  Yoiume    . 
io  Ypn 

e.  Ld't  turn 
aoxarjr  on 
Jiera,  la  vph 

C  Lzft  turn 

aoiatv  in  rph 

fb-e) 
t'Ld't  mm  volum* 

ia  vpn 
H.  li  volume  >  ^patf. 

«7(r  >n7 


Aooroacn 


:il£l£-    3...    ....WX^^     ^/...^u^    ^^    ^,,^^^;^ 


v/c   -^^ 

LOS     c 


c;^rTE 

?:!A 

Cvc- 

^          (2^ 

1 

3  3 

"t  3" 

Lca 

A 

900 

333 

823 

a 

1030 

1000 

993 

• 

c 

tsoo 

11X0 

1100 

a 

tcao 

.  1273 

1223 

= 

1300 

(j-S'o 

1J.ZS 

1373 

Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  L  Planners 

60  Birmingnam  Parkway.  Boston.  MA  02133 

617/783-7000     . 


ALT.     JRiiiJi 


2    3Y 


rziAii 

iS-Ag,  DATZ      <r-  3^  -86^    SHZZT</>   C 

DAT2 ^'J'QS    NO.         (<., 


INTcHSECTlON  GEOMETRY 


\^     Indicate 
'^       North 


Lift  Tlltti  Che. 


L  .Humoer  <U 

Sunfc  inurvsis 

per  nour 
h.  La't  mm  oaiaty 

oa  Cuxi(e  laicrval. 

ia  vfld 
cG/'C 

Rauo 
d.  Oppounf  volume 

!a  vpa 
c  Lc^t  mm 

aoaory  an 

r.  Ld't  lum 

agaaiy  m  vpA 

(b-e) 
(^Ld't  mm  Toiiuna 

ia  vpn 
h.  U  volume  >  ^p>c* 


PHASING 


0 


'01    ;s3 


IT 


(D 


il 


bo 


© 


R 


® 


CLV=. 


:c>3- 


czr7= 


93r       cLv.  /c90 


C1V= 


CLV= 


^^^^  •■  3^  ?,  ^xaAuc^Xw-  ^    Z  /  OxA:tiu^  dwL.  JC^  -fzJuXi^^ 


Z  CLV    -^b5 


v/c. 

LOS 


oq 


tI 


C"rTc=lA  (vTjn) 


LC3 


A 

a 
c 

a 

E 


2  2 


Z  2 


900 

tii 

loao 

1000 

i:ao 

11XO 

laao 

1273 

laoa 

i-tsa 

/oro 


^t  rv 


nj; 


3se/Hangen  Engineering,  Inc. 
ting  Engineers  &  Planners 
ningham  Parkway.  Boston.  MA  02135 
3-7000 


ALT.     F)<l'STl>J(?          YZAil    f9  6G  PZ^OD  A.rvi.        "~ 

CALCULATZD    BY     gjg^>2^        DATZ_fv^^jt2^_5t_   S5ZZT    (■    OF 
C2ZCZZI3    B!f DATE JOB   NO.      _l-< 


rEHSECTlON  GEOMETRY 


iL^/Y  Turn  Check 


Aooroacn 


a.  Mumber  o/' 
ciun^  inLcrvsis 
per  tiouf 

b.  Lai  lum  apaot^ 

in  ^^t\ 
e.G/'C 

Rjiua 
<L  Oppounj  volume 

ia  ypft 
c  Left  turn 

csQxaiy  on 

prrn,  la  vph 
f.  L^t  lum 

apaaiy  in  «-ph 

fb«e) 
t-Lcft  rum  volume 

in  v^n 
\.  U  volume  >  cxpac- 


'HASING 


A)^4t 


—I       ^  "^  t 


-!< 


(D 


"-^ 


^\ 


±11 


-c 


■  wv 
.  Ill- 


Ib^ 


^^' 


K2j 

10^ 


^  -fi  •  C'^6- 


/^(7t^^ 


//  /aii^    6T 


5-.5- 


yv^ 


'^i'^^'^^'  -^-^T-^ 


CLV= 


Z4/ 


CLV= 


too 


CLV= 


//L 


CLV= 


^U 


CLV= 


,   o     r,  f  «         «  ..  <.  P.  M- 

J     7         /^  It     •  II  I' 


.  v/c._i^£_ 


LOS     ^ 


CHi  i  c-vlA   tvon 

)                            23- 

LC3             A 

gao 

S 

loao 

C 

1200 

0 

1330 

E 

1300 

(  3  a  ) 


4.  g- 


aaa 

823 

1000 

Sd3 

11-ta 

1100 

1273 

1223 

1423 

S^ 

1373 

n^r^ 


; 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Ranners 

60  Birmingham  Parkway.  Boston.  MA  02135 

617/783-7000 


/CA/ccLAi^o/^uer/^cz  £oao/  di  \ 


INTZSSZCTiqN 

ALT.     £Y.A<iTinG        y:E:AJi        i^jdq,        ?e:iiod       prvi 


CALCilLATZD  BY  iQj^iL.        DATZ   ^IQ^i^n      SHZZT  2__C  ' 
C3ZCZZ3  B^jT DATE      ^  _  '  JOB  ,N0 ;.   1^  j' 


INTHHSECTION  GHOWETHY 


^■^y     I6huj!^ 


Left  Turn  Che 


Aoon 


1.  Numoer  ai 

ehin^  iniervxU 

per  .lour 
b.  La'i  turn  aoadir 

oa  c^anfc  interval, 

in  "pn 
cG/C 

Rjua 

d.  Oppounf  votiunc 
la  i^n 

e.  L^t  lum 
^ra<3i7  on 

f.  L^t  lurn 
^oaai^  ia  vpA 
(b  -  el 

I..  Lrfi  rum  voium* 

in  >T>n 
h.  U  voiame  >cipac- 

icy  (I  >n7 


PHASING 


^"^^^c/ 


m'AW^ 


^. 


±11 


— :>  SO 


® 

=     T 


//OO  ^^JU- 


./ 


5  II 


(7  ci^a-i^'j-a.   3--a*^ 

Jama  AAji  ■>■  Ly^o 


^ 


CLV-    l^*^ 


cLv=>  4^r] 


CLV-   )  (^O 


CLV-    5-/ 


CLV=. 


Cr^i  i  c-ilA  (von) 


2  3- 


X  3 


.  /  ?    7-      .  «.   •  ..        ^  "  "       "  "  "        ^ 

Z  CLV_J25kL. 
:    V/C     1.07 
-      LOS     F 


TTT) 


LC3 


A 

B 
C 

0 

E 


900 

833 

1030 

1000 

1S00 

11-«3 

1330 

1273 

1300 

1^23 

/f^r 


sad 

1100 

122i 
1273 


jnasse/Hangen  Engineering,  Inc 
insulting  Engineers  &  Planners 
Birmingham  Parkway.  Boston.  MA  02135 
7/783-7000 


*  ALT  .     AJO:   SOILJ^      YZAJ?        /' f  g  y —- ^— ^ 

CALCULATED    BY     Qji^iL.       ~ 
CHZCZZD   3Y 


pz:riod 


DATZ5--  "Z-S-  8C. 


Ak^ 


-^Tc^Ip/Xw.-.  J 


A.M. 

P.M. 


z  cLv  y^T 

•:  V/C_i£l 


C?ii  ]  ^slA  Cvon) 


L03 


2  £■ 


A 

a 

c 

D 
E 


TiTt 


■4    ff 


900 

loao 
1200 

1C30 
1300 


iSS 

1000 
11-tO 

1273 
U23 


S32 

noo 

1  =  2J 

1373 


ff'3j 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners 

60  airmingham  Parkway.  Boston.  MA  02135 

617/783-7000 


ALT.     yr^Bnilrl       ^^- 

CHZCZZD    E^  DATZ 


•^u£F/^a:  /f.oAo/  0: 


: 


i 


gjg^t2^        DATZ    <^j^f^l'^Cr^      SHZZr_f£_' 


Prvi 


INTHHSECTION  GHOMETHY 

1*1 


_-^'03    NO- I- 


i2^ 


Z.^;'/  Jxirn  C/i< 


Aoot 


1.  NumocT  o/ 

ctun^  inurvail 

per  hour 
b.  Lat  !ura  a^aaty 

oa  cAante  laicml. 

In  »9n 
e.G/C 

Ruuo 
d.  Oppounf  Toliune 

ia  vpn 
c  Leit  turn 

^o^oty  on 

j^^c':k  la  vpa 
r.  Lift  lum 

ooaaiy  in  vpA 

fb  •  el 
(.'  Lri't  mm  voium* 

)l.  ]j  volume  >  ^pmc> 
icT(l>07 


2 


* 


PHASING 


"  ^f  V 


i31® 


© 
±11 


r 


o 


/too  ^.iSU— 


.^      (00 


c^J 


5/f 


:56c' 


A'-/?5 


CLV-     /^y  CLV=i3/ 


CLV=/0O 


CLV= 


^// 


C1V= 


/  9    '7^     . 

■       '    v/c    hii 

■       LOS      ^ 


3  ^         OuA<^U>-     O^HJL  "%»-      yfdJlJjjZca^s^ 


P 


n 


CHI  i  ^-ilA  (von 

)                           12 

(    Z3 

LC3              A 

ifiO 

333 

S 

1030 

1000 

c 

1200 

11.«3 

0 

1330 

1273 

E 

1300 

9S3 

1100 

12=3: 

13731 


nasse/Hangen  Engineering,  Inc. 
nsuiting  Engineers  &  Pfanners 
Birmingham  Parkway.  Boston,  MA  02135 
'[783-7000 


ALT.     J^UIUD 


Or\y  j^^ 


CALCULATZD  BY  9-fisil^ 
CZZCZZD  3Y 


YZAil   f  q  a  q 


PERIOD 


Ai^ 


_  DATE ^-7, g  -&C   SHZZT  5-  OF 
CATZ JOB  N0.__I^t_(fl9" 


NTERSECTION  GEOMETRY 


L£]t  Turn  Check 


Aoorojcn 


i.  Numoer  o^ 

CJunjr  intennii 

per  hour 
b.  Lsc  lura  o^uacr 

OB  Chants  interval, 

in  »7n 
e.  G/C 

iLiuo 

d.  Oppounj  volume 
in  vph 

e.  Lc/:  turn 
apioty  on 
irccrL  m  vph 

r.  Li':  turn 

a(j=Laiy  in  rph 

fb  -  c) 
t-Lcrt  nim  Yo(um« 

in  v-pn 
)l.  li  voiume  >cipac- 


PHASING 


^  ^    1- 


V- 


-1 


■^^ 


-f/ 


© 
±11 


-c 


ML 
III 


CLV= 


30t 


^^(7 


CLV= 


Qi^ 


CLV= 


li-L 


CLV= 


^ 


r46 


aLv= 


^ 

Z,-^ 

A 


A.M. 

P.M. 


Z  CLV    -^^3 

:'     V/C        .^r 

•    LOS     J^ 


CrilTERIA  (von) 


2  £■ 


Loa 


A 

e 
c 

D 


(    3g    ) 


4.  3- 


900 

loao 

1200 
1330 

1500 


Hi 

1000 

11.40 

1273 
1^23 


/OdT 


823 
1100 

I2aj 

1373 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners 

60  Birmingnam  Parlway.  Bosion.  MA  02135 

617/783-7000 


/CA/ccL/^^o/^oeF/ia:  £o/\o/  oti 


INTISSZCTION 

ALT.  y-.hllh  yilAil  /^^  g£:iIOD 

ZD  BY  g^<2^    DATZ  .'^/^/^/^^      SHZZ' 


Prvi 


calcula: 

CHZCSZD 


BY 


DATS 


"^y.  /a, 


INTERSECTION  GEOMETRY 


Left  Turn  Ch 


i 


Aoon 


1.  .Humb«r  o/" 

e<un^  interviu 

per  .lour 
b.  Lat  rum  opacity 

oa  c'unie  mtervau 

in  »?B 
tO/'C 

ILauo 
il.  Oppounf  Yoliune 

ia  vpn 
e.  Lf^i  turn 

aoaaiy  on 

jiLLiL.  ifl  vpa 
r.  Ld't  lum 

aoaaiy  in  vph 

(b  ♦  e» 
(,.  Lei't  mm  Tolum* 

in  >T)n 
}l.  is  volume  >Gipac- 

irr(i>07 


PHASING 


lau. 


© 
±11 


-^ 


ICO 


® 

li-L 


PW 


/t 


=  -56 


'  fOO  ^.ilU— 


CMaM-'/Ja, 


JZa^  AAA    -^  2.>>^ 


/ 


CLV= 


K|^ 


CLV= 


;6/ 


CLV=  /^^ 


CLV= 


^ 


CLV=» 


■         /  ?    7,  V  .  .        .  "  "       " 


Z  CLV. 

V/C. 
LOS 


c^rr 

E=IIA 

(von 

)                           2  a- 

(    3^ 

) 

^  Z 

LC3 

A 

gaa 

333 

f 

ass 

B 

1030 

1000 

Odd 

C 

tioa 

li.*a 

ttoo 

Q 

icao 

1273 

12=3 

E 

1300 

1-i:3 

IIST 

1373 

asse/Hangen  Engineering,  Inc. 

julling  Engineers  &  Planners  ■   ■ 

irmingham  Parkway,  Boston.  MA  02135 
^83-7000    . 


ZNTZRSZCTIQN   ^^CC L.A f^-^     7  l-//\J  c.Ou.Ay 
ALT.     t=.XfST'^C 


CALCULATED  BY 
CZZCZZD  BY 


YZAH   /  ?  a  G 


C2.A.g--  DATZ  S'-zT 
DATZ         ■ 


A-'^ 


ITERSE^TipN  GEOMETRY 


Indicate 
North 


HASING 


® 


,® 


0  v9  85 

^TZ, 


-0' 


TTT 


TTT 


Cii-\y  =■  /  oc 
As 


Xv=x     3 


53G 


CLV= 


/CC) 


CLV= 


1^0^ 


CLV= 


PZRIOD 

<5^        SHZZT    /    OF     \o 


JOB  NO.         f.^  a'Y 


z,<;'i;  rxu-n  c;zec-fc 


Aooroacn 


1.  iVumber  at 
eiun^t  intrrvjii 
per  hour 

b.  La't  tura  apxaty 
on  chanir  intervii. 
in  vpn 

c.  O/C 
ILauo 

4.  Oppounf  volume 

io  vph 
e.  Lefc  lum 

apxaiy  on 

pexn,  la  vph 
r.  Ld^l  lum 

atacty  in  vph 

(b  -c) 
uLcix  rum  vo/uiTif 

ia  vpn 
h.  ij  volume  >ap»e- 

irr  (I  >07 


© 


CLV= 


^^^■'    ^^    ''7%   ^MA.cLr^^    3/ow6^-^    f^AO;.^ 


:   v/c    .7/ 

LOS 


c 


Crii  I  c-ilA  (von) 


2  3 


Loa 


A 

8 
C 

0 

E 


(    3  S 


900 

SflS 

loao 

1000 

1200 

11-tO 

i3ao 

1273 

laoa 

1423 

^  z 


/fSO 


823 
9C13 

noo 

122J 

1373 


1  V±^   i'^<-J 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners  

60  Birmingham  Parkway,  Boston.  MA  02135 
617/783-7000 


INTSHSECTION    ^^CC/-/Ja/-Q  7  Z-Z/v'  Q,0 l-aY 


ALT.  £:>.l5r(NJG     YZAil  (9  64^ 
CALCULATZD  SY__g^£vA-.  DATE  S-lrr 
CZZCZZD  BY DATS   


PERIOD 

fe''   SHEET  Z, 


TTTi 


JOB  NO.   T 


INTERS E^TiipN  GEOMETRY 


Ay. 

/^ 

Indicate 
North 


Le]i  Tarn  Ch 


A  00 


X.  .Humber  o/' 

eiunjc  inunnij 

per  hour 
b.  La'l  turn  apxavf 

oa  Chinee  laierval, 

in  vpn 
e.  G/'C 

d.  Oppounf  volume 

la  vpA 
c  \jd\.  turn 

apaaiy  on 

{TEcn.  la  vpA 
r.  Left  ivim 

atacity  in  vph 

(b'c) 
t-Lirft  rum  volum« 

in  vpft 
h.  li  volume  >^pac. 


PHASING 


-^ 


.A^ 


^^^n  tic 


,^fe 


TT  r 


-r/ 


t3      '71 


/7^ 


TT7" 


use    CL\A 
/oo    ^^ 

/^^  //V  f/V]  (jiin 


CLV=.     ZG-7  CLV=      /^t?  CLV=      /72^ 


CLV= 


CLV= 


i!±£-  C/-^  /'7%  .■vUu.ci^^  ^/  ouAu^^'-  fJiAOi..^ 


E  CLV  ^-^f 
\  v/c  ■  ^6 

LOS      A 


C^^ITEPIA  (von) 


2  S 


LC3 


A 

8 
C 

D 

E 


TT7 


gaa 

033 

laaa 

1000 

1200 

ii-ta 

1330 

1273 

1300 

W23 

■*  sr 


It^O 


833 

gaa 

noo 

lasj 

1373 


lasse/Hangen  Engineering,  Inc. 

suiting  Engineers  &  Planners  — 

irmingham  Parkway,  Boston.  MA  02135 
783-7000 


''  ALT.    ^0  :e^~id±_  YZAr-r9tfV  prpinn ^-?J7 


CALCULATZD    BY      g.^^    DATE    5  -  Z  V-  ^i;       g-^r^T  ^    n.     (_ 
■   ^•^-^- JOB    NO  .  [.^  Q,  a 


ITEHSE^TJpN  GEOMETRY 


Indicate 
North 


HASING 


j£ 


TT  r 


© 


ft^ 


3i 


-7Z, 


® 


z.v= 


(.-TG 


CLV=.     100 


CLV=.      2-^^ 


CLV= 


Z.<;i;  Tiu-n  Check 


Aooroacn 


».  .Vumber  oT 

pT  hour 
b,  Lcx't  tura  apAo'ty 

OB  chxn^  intcrvai. 

in  -npn 
e.  G/C 

Ajuo 

d.  Oppounj  volume 
IB  vpti 

e.  Ldi  lum 
ap*ai7  o" 
pccn.  10  vph 

f.  Ldt  turn 
cipaocy  in  v-ph 
fb  -c) 

fc-Lert  rum  toIuitk 

in  y^ti 
h.  li  valuine  >  apac* 

irr(t>n7 


CLV= 


^!^'  ^-^  /v?.  y\a.c^^  ^/  ous^^j^  f^MOi.^ 


Z CLV    ^5C 


CPITEnlA  (von) 


v/c    .g/ 

LOS     £> 


LC3 


A 

s 
c 

0 

E 


2  3- 


(.^g, 


goa 

ass 

loaa 

1000 

1200 

n-to 

icao 

1273 

1300 

1^23 

4.  g- 


//5'0 


823 

lioo 

1223 
1273 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners  ^-  • 

60  Birmingham  Parkway.  Boston.  MA  02135 
617/783-7000  ' 


INTESSSCTION 


•*  ALT.  t^O :  6UIU:>  YZAR  /7a?  PERIOD  /^. /^/^''?1 
CALCULATED  BY  Q-^<^  DATZ_5j:^t;:2j_6ii_  SEZZT  ^  ff'''''^' 
CZZCZZD  BY DATS JOB  NO. l^4 — 


INTERSE^TjlpN  GEOMETRY 


Left  Turn  Chi'k 


I.  .Mumber  o^ 

dUKfc  intenraii 

per  hour 
b.  La't  tura  ea^aaiy 

oa  change  laicrvsl, 

in  vpK 
e.  G/C 

d.  Oppounf  Tolume 

la  vpti 
c  Ld'c  turn 

agaaiy  on 

peen.  m  y^li 
(.  L^t  lum 

aaxaiy  in  vpti 

(b-e| 
I.-  Left  mm  vo/um« 

in  v-pn 
H.  li  volume  >  capmc* 

it7(t  >n? 


AoDi  I 


PHASING 


® 


v 


A'l 


1} 


>o'\ 


ItP 


(D 


-100 


TT  r 


© 


^T 


-Z-47'l^— 


->fr 


/7i. 


/72. 


Ti  r 


® 


ICC      At. 
r-'i  I  ^J  (  r-l  ^'  r- 1 


CLV-      Ijc'l 


CLV= 


/OO 


CLV= 


/72_ 


CLV= 


CLV= 


>i^*<^<2..<^LA.'«'i-^ 


E  CLV  ->^/- 
.    v/c    -^^^ 
LOS A 


Cm  1  c-.lA  Cvan 

)            2  J 

(  3  3y 

4.  ar 

Loa          A 

gaa 

aaa 

823 

s 

laaa 

1000 

903 

c 

1200 

n.«3 

nco 

D 

1330 

12T3 

1223 

E 

isaa 

1423 

If  SO 

1373 

.1^  C^^J 

'nasse/Hangen  Engineering,  Inc. 
:,nsulting  Engineers  &  Ranners 
Birmingham  Parkway.  Boston.  MA  02135 
r/783-7000 


INTZ31SZCTI0N        K^CC L./ir^>Ci     f     l_//^  c_Oi^a/ 

ALT..     B^J^\.V  YZAil    (  ?  ^c|  pf^inn TTJT 

^^^^^^    BY DATS JOB   No.      "T^  a 


.^ ^   JOB    NO 


Al 


NTERSE^TiION  GEOMETRY 


2.1 

Indicate 
North 


PHASING 


® 


Ss. 


^ 


\r 


TT  r 


100 


tl- 


Z.1-^ 


tt;" 


® 


CLV= 


&?C' 


CLV= 


100 


CLV= 


1.^3 


CLV= 


£<;'^  Turn  Check 


Aooroacn 


».  Number  of 
eJunje  inietvxij 
per  hour 
t>.  Lfx'c  turn  ^^aatr 
on  c'lante  intCTVji, 
in  vpn 
s.  G/C 
R-iuo 
<!.  Oppounj  volume 

io  vph 
c  Le^t  lum 
apiiaiy  on 
trcsn.  in  vph 
r.  Lift  lum 
apaaty  in  vph 
(b  ♦  e) 
fc-Lrft  mm  volume 

ia  vph 
h,  ii  volume  >  capsc- 


CLV= 


^^■"  ^--  z^:?.  yuA^^^  ^/ouA^^  fiAOi^ 


Z  CLV  /0/y 

.     V/C_^ 
LOS 


X^ 


C^fTEPIA  (von) 


LC3 


2  fT 


A 

900 

a 

loaa 

c 

1200 

0 

1330 

E 

1300 

(    3  g 


333 

1000 
ll-tO 

12T3 
1-*23 


■t  Z 


823 

noo 

1223 
//5'0  1373 


C^^J. 


Vanasse/Hangen  Engineering,  Inc. 
Consulting  Engineers  &  Planners  • 

50  Birmingham  Parkway.  Boston.  MA  02135 
617/783-7000 


rNTHSlSZCTION 
ALT .   &*->■<  L-^ 


K^CC L.A rJ-^     i     l-f^  C.Ou.^y 


YZAil  («(8f 


PERIOD 


pTTv 


CALCULATED  BY  Cl.^<3~-.   DATE  5'-^'7-fc(o   SHEET  b  i^ 
CHZCZZD  BY DATE JOB  NO. (-^J 


INTERS E^TJON  GEOMETRY 


I,<7'/  Turn  Chtf 


Aoor 


1.  Number  o^ 

change  inierviii 

per  hour 
b.  La't  tura  apacicy 

oa  chante  laiemi, 

in  vyA 
C.G/C 

il.  Oppounf  volume 
ia  vpn 

e.  \-di  iurn 
aoa^ji-jr  on 
pren.  m  vph 

f.  Ld'J  tuin 
aoacity  in  vph 
(b«c| 

(,■  Lci't  mm  volum* 

h.  Il  volume  >capac* 

if?  (I  >  07 


PHASING 


® 


— 1 
--1 


^-"^  ^  t  P' 


TT  r 


c  ©41 


nL 


<] 


m 


11  T 


® 


CLV= 


Z^l 


CLV= 


/oo 


CLV= 


7^ 


CLV= 


CLV= 


^'^tl  •■  (y.<2^  ./^  5?,  /yJyu.civT>-  ^'  3//  cx^;^k^^'  ^''  fJiA<[Zi^^'^^ 


.   v/c. 

LOS       /\ 


.-/^ 


Crii  i  zj^\A  (vcn 

)                           2^ 

(  3^y 

■i  3" 

LC3              A 

goo 

ass 

S23 

B 

loaa 

1000 

gad 

C 

1200 

11-iO 

1100 

0 

1330 

1273 

1323 

E 

laoo 

1^23 

/1 60 

1373 

tasse/Hangen  Engineering,  Inc. 

I  suiting  Engineers  &  Planners 
irmingham  Parkway.  Boston,  MA  02135 
;783-7000 


INTZaSZCTION    ^"^(^^^O  /Arc^A/-r/c  //yi/\SS  /VA<f  y^/^> 

ALT.    rX/.5T/A/0  YZAil     ■    /^fl(,  pr^i^nn ^^ 


CALCULATZD  BY 
CZZCZZD  3Y 


DATE  5-  -£_? 


DATS 


hTERSECTlON  GEOMETRY 


Indicate 
North 


PHASING 


H 


® 


.0? 


® 


TTT 


© 


:iLv= 


GCj) 


CLV=>    2^\1^ 


CLV=: 


/</o    ^cZc^cT/cA/    ^oe    T'    /«^i>£:5-7-/^//^/N,s- 


CLV= 


® 


3G      SHZZT 
JOB    NO. 


j___or_ 


!.<;'/  Jarn  Check 


Aooroacn 


c^Ts  inirrvaii 

per  hour 
b.  Lei'i  luni  capaa'ty 

on  cAanp  interval, 

in  vpn 
e.  G/C 

d.  Oppoiinj  Toltune 
is  vpA 

e.  Ld't  lum 
apxaiy  on 
pcen.  m  vph 

r.  L^i  lum 

apiaty  in  vph 

fb  -  el 
{.'Lei'i  ivim  volume 

ia  vprt 
ll.  Js  volume  >  ^p«c* 


CLV= 


z  CLV  S/7- 
v/c_i£l. 

■    LOS      A 


Cni  I  c-ilA  (von) 


Lca 


A 

B 
C 

0 

E 


23- 


9oa 
lasa 
1200 
icao 

1300 


3  3 


-4.  3 


833 

823 

1000 

iaa 

n-«j 

1100 

1273 

1223 

1-i23 

1373 

Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners 

60  Birmingham  Parkway.  Boston.  MA  02135 

617/783-7000 


1^ 

mTZR£ZCTiQN  K^^CL/^f^o /Aru)i^fi(L  /aiASs.  ^Afff 

ALT .  £:^lS-ri^G  YZAH  ^  /  7  ft  (,     gZlUOD     P  (^% 

CALCULATED  BY  -R/K^        DAT2  =r- Z.  1-  SC    SHZZT  Z_  Cl'd 


CALCULATED  BY_^^A£,__  DATE5-Z.1- 
CHZCZZD  BY DATE 


SHEET  Z-  ClJ,^ 
JOB  NO.    M^jL 


INTERSECTION  GEOMETRY 


'M£Zl-AAjO 


1  ! 


1 


i 


Ji^/^CB.  LAr^O 


zsy 


/^ 

Indicate 
North 


A 


Left  Turn  Chet 

« 

Aoore 

i.  Mumb«r  ot 

1          2 

eiunic  iniemlx 

per  hour 

b.  Lot  tura  C2o*diy 

ea  chante  latervai. 

in  vpA 

tcyc 

lUua 

d.  Oppaunf  voiume 

ia  vph 

e.  Left  turn 

apxaiy  on 

pren.  m  vph 

C  Ld't  lum 

apaai^  in  vph 

(b-  c) 

t-  Lirft  mm  velum« 

la  rpn 

H.  Ii  volume  >^pae> 

irrll>0? 

PHASING 


® 

©■ 

© 

® 

© 

-^           A       A 

14^   ^ 

i            1 

K5_/ 

AS 

.     /^ 

■ 

• 

CLV=.      ^ 

3.57 

-1 

rT,v=» 

CLV=» 

CLV= 

A/o     Kc  o  <^  C.T  I  a  a/     o^^ 


f(_OCS  T-/^;/iyvs- 


Z  CLV  ^Q/ 
.     V/C    .33 
•     LOS      A 


CnrTEJrlA  (von) 


/2  J 


3  3 


i  3- 


LC3 

A 

saa 

saa 

S2S 

B 

loaa 

100O 

96a 

C 

1200 

11.40 

IIOO 

0 

1330 

1273 

1223 

c 

1200 

1^23 

1373 

Biasse/Hangen  Engineering,  Inc. 

csulling  Engineers  &  Planners 
3lirmingham  Parkway.  Boston.  MA  02135 
i:783-7000 


ALT.    \oO  :  &*^iLD 


C^ZCS^D    BY DAIS  JOB 


SHZZT  3    0F_ 


NTERSEGTION  GEOMETRY 


Indicate 
North 


X^/^  Turn  Check 


Aooroacn 


>.  Mumber  ot 

per  hour 
b«  Les'i  turn  atucity 

oa  cftxnte  interval, 

in  v^n 
e.  G/C 

d.  Oppounf  volume 
is  vpA 

e.  Lc/t  lum 
apiaiy  on 
insn.  m  rph 

f.  Ld't  lurn 
aistoiy  in  vph 
fb  -  e) 

{■'Lr^t  sum  va(um« 

in  *pn 
h.  Ji  vofume  >  ^pKc* 

irrir  >07 


CLV= 


A/o     /^cTc 


'CTIOA/        Oi^^       T-,        fCOCST-J^I^ 


A^S 


■    v/c    -^'^ 
LOS      7^ 


C?ii  I  CL.-1'IA  (von) 


Loa 


A 

a 

c 

0 

s 


2  a- 


3  0 


-^  sr 


9aa 

sda 

83:3 

laflo 

1000 

sad 

1200 

11-tO 

1100 

1330 

1273 

1223 

laoo 

1-123 

1373 

Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners 

60  Birmingham  Parkway.  Boston.  MA  02135 

617/783-7000 


IHTZRSZCTION    K^^CL/)fyJO 

ALT.      klO.-  P:UILD        ^ZAil    ^  (  1  (^  ? 
CALCULATIU:    BY 
CZZCXZD    3Y " 


PEAIOD  p!7 


RAg.        DATE    ?--Z,1--  8<^ 


DATS 


JOB 


SHZZTjfL 
NO. l£ 


INTERSECTION  GEOMETRY 


ndicate 
North 


Left  Turn  Chif 

1.  >fumb«r  at 

Aoot 

1          2 

change  intervxli 

per  hour 

b.  Lot  lum  apaaiy 

e.G/C 
Rauo 

(L  Oppounf  volume 

m  vpn 
c  L^t  lum 

dpiaiy  on 

pren,  la  vph 
f.  Lift  turn 

apaaiy  in  vph 
(b-  c| 

t.'Lri't  mm  volume 

ui  v^n 

h.  Ii  volume  >  ap«e- 

PHASING 

• 

® 

(D 

K3  ;! 

© 

© 

© 

■ 

-' 

■- 

- 

CI.V.   357 

CLV=     /-f-f 

n.v^ 

CLV=« 

CLV= 

A/O      »<CO'^c_-j-,of/      Ol,^     -r»      fLOC^S  T/^i^r'S 


v/c. 

LOS 


53 


A 


(-Hlid.- 

■lA 

(von)                        ll  2  \ 

3  3 

*  a 

LC3 

A 

aao 

8da 

823 

B 

loao 

1000 

gad 

. 

C 

1200 

11.40 

1100 

0 

1330 

1273 

122J 

E 

laoa 

1^23 

1373 

V'tJ  r^""^ 


lasse/Hangen  Engineering,  Inc. 

suiting  Engineers  &  Planners 
lirmingham  Parkway.  Boston,  MA  02135 
783-7000 


INTS^ZCTIQN  J^'^f^i-^^O  /Art  AAj-ric  //yj/jss  P/m^  /^Ar 

ALT.       ,ft*JlLl5  YTia     '  ,o  ar. ^ — tC-r — ~ — =_ 


BSJ'UJ 


YZAil    '  ;  fj? 


PERIOD 


CALCULATED  BY  RAg.    DAT^  ^  -?  <*  -  I/-   e^^-~n,d — 

CZZCZZD  3Y         ^  DAT^       ^   ^^n  ^?^^..SL0£'_6 


JOB  NO. 


l^JiR. 


JTERSEGTION  GEOMETRY 


Indicate 
North 


'.t-AAjo    sr 


PHASING 


® 


-^ 


0    A^ 


.^ 


-^N 


^!ij 


-L* 


TTT 


(^' 


aA 


© 


I.V= 


^-fS^ 


CLV=      ^(L 


CLV= 


Vo     '^cTC'j 


'CTIOA/      0<y^      -r»      f='LOS:s  -r/SiAr^T 


C1.V= 


® 


L£fi  Turn  Check 


Aooroaen 


».  .Vumber  o^ 

elunje  interviii 

per  hour 
b,  Ld'l  ttira  capaocy 

OB  chante  mtervai, 

io  vpA 
e.  G/C 

d.  Oppoung  volume 
ia  vpti 

e.  Left  turn 
apaaiy  on 
pesn.  10  vph 

r.  Wt  turn 

apacily  in  rprt 

fb  -  c) 
t.Lri'l  turn  volume 

in  vyn 
)l.  li  volume  >capac* 


CLV= 


E  CLV_ 

v/c_ 

657 

cprr 

ETilA 

(von 

1 7^^-^ 

3  2 

•4  3- 

La3 

A 

e 

aaa 
loaa 

saa 

1000 

823 
905 

LOS 

/^ 

• 

c 

1200 

11-tO 

1100 

Q 

laao 

1273 

1223 

E 

isaa 

1-423 

1373 

^Um  (^^"^ 


Vanasse/Hangen  Engineering,  inc. 

Consulting  Engineers  &  Planners 

60  Birmingham  Parkway.  Boston.  MA  02135 

617/7S3-7000 


ALT.     9iU\L.'D                yZAR    '(qg>?  PSIUOD  frv|-  "' 

CALCULATED    BY    RAR.        DAT2   5  -  2L  ?  -  8  C     SHZZT    b  ^\ 
C3ZCZZD    BY DATZ JOB    NO.___L£_flj 


INTEHSECTION  GEOMETRY 


VCCLAA/^     St 


1'^ 


1 


I 


XrA«-"£  cy^r^D 


2,&^' 


i 


Indicate 
North 


A 


Left  Turn  Chec 


Aoom 


a.  .Mumbcr  of 
eianx*  inirmii 
per  hour 

b.  Ld't  lum  apaaiy 
od  dunte  mtcml, 
in  v^n 

e.G/C 

<L  Oppounf  Toliune 

ia  vpn 
c  Ld'i  lum 

apa^jiy  on 

ireen.  la  rpA 
C  Lrft  lum 

apaa(7  in  v^A 

(b  •  CI 
(.'Left  mm  toIuiti* 

in  v-ph 
h.  Ii  volume  >  apac' 


PHASING 


® 

ni  f 

© 

® 

© 

• 

- 

- 

<=.v-    357 

CLV=      Aff 

rT,v=" 

rT.v=« 

CLV=i 

A/O      ><.€L  O  ^ C.T I  o  fy       o 


^€ 


l°£,  O  C^-S"  T-y€//0/»/S- 


:      V/C_: 
LOS     /t 


33 


CPIi'c-MA  (von)                            ^2  -a"    ) 

3  S 

■^  3- 

LC3              A 

gao 

saa 

823 

a 

loaa 

1000 

gsa 

c 

1200 

ii-*a 

IIOO 

□ 

1330 

12T3 

1223 

E 

laoa 

t-lS3 

1373 

M     17    "4 


y 


lasse/Hangen  Engineering,  Inc 

suiting  Engineers  <Si  Planners 
irmingham  Parkway,  Boston,  MA  02135 
783-7000 


inte:iszction_ 

ALT.         gXf-STiKJG 


dLCULATZD 
CZZCZZD    BY 


T5       (c?  5^ 


^<J. 


SY_eA^ 


YZAH 


PERIOD 


-_  DATS    G-3--5G 
DAT-  joa 


A/^i 


ITEHSEGTION  GEOMETRY 


Indicate 
North 


-HASING 


SL. 


® 


^ 


i>\ 


lUfa 


TI 


^ 


® 


n 


® 


^2^/ 


CLV= 


o 


CLV= 


2)11 


Cl. 


CLV=. 


Z^/'Z  Junz  Check 


Aooroacn 


».  .Vumber  o/ 

slttnye  inurviU 
per  Aour 
i>«  Ijat  tura  opacity 
OB  eiuaje  interval, 
in  ypn 

e.  G/C 
!Laua 

<i.  Oppounj  volume 

ia  vph 
c  Ld't  turn 

ataaty  an 

jresti.  10  vph 

f.  Wt  turn 
aoxaty  in  vpVi 

l.-Lch  mm  »olum« 

in  vpa 
h.  U  volume  >^pas. 


3&  o^:^  y6Wu 


36  C/ci.£5/^^ 
=       3-42.  vc  A/ 


cya 


CLV= 


■'S^i-t^n^ 


^  "^  '^'^      ^X^^^^^    ^>-    Z-^     O^jJL^  ^\    fUl^-Z^^AMu. 


rcLv^oo 
v/c 

LOS 


.^7 


A 


C/-1I 1  c-.IA  (von 

7^—-\ 

3  3 

■4   Z 

1.03             A 

sea 

833 

823 

a 

103O 

TOGO 

3153 

c 

1200 

11.40 

1100 

D 

1330 

1273 

1223 

= 

1300^^^^ 

1-423 

1373 

18*  Hiqn  52««.  Scsxon.  Ma33acnj3«t3  ( 
817/ 482-5370 


CZZCSZ3  3Y OATS jca  yc  .     /^;p<y 


INTZHSHCTION  GSOMETHY 


tndlcats 
Ncrth 


FHAo'NG 


-1^ 


r, 


^^ 


® 


="(«■ 


fc^* 


TT 


V 


TT 


© 


/t    4^ 


^^Nf  ^^- 


® 


?A'Aii5 /I=s20 


Ij 


/<? 


^O^d^ltiR 


210 


ALL  ^eaicuh 


/^V      // 


'^  '^^ 


CLT.    210  CLV-     0 


dVa 


/^9 


Chj^jjjyr^  3o2  /mdttctarri  u^i    -t^  C/u2I/^<:oL.  >^  -cj^ojl^uuj^^ 


ECLVjfi2_ 
v/c  .  U  [^ 
LOS       /] 


C^i'.c~lA   (yrwi) 


/  2  J-  i 


3  J 


Lca 


A 

a 
e 

0 
8 


ioaa 
isno 

1334 

laaa 


lOOQ 

1373 

1- 


^ 


t33S 

tars 


r-.  »-    !— . 


y 


asse/Hangen  Engineering,  Inc. 

suiting  Engineers  &  Planners 
irmingham  Parkway,  Boston,  MA  02135 
^'83-7000 


TSHszcTioN     5^^  ^e^  A/A/  co^Aj / 3€ 0-FO/ZD 
T .   NJ O . -^foo Tup       ?z^R~Tq-r3 n^^'r. .   ^i 


Vw/ 


IN 
ALT.    M 

CU^CULATED    BY 
CHZCZZD    BY 


YZAil 


PSLRIOD 


a7*t 


DATS 


,  SHZZT-3 

JOB    NO  .         (^  (3  7 


0^_^ 


ITEHSECTION  GHOMETHY 


Indicate 
North 


Left  Turn  Check 


Aooroacn 


'HASING 


».  .Vumb«r  at 

eiunye  interval! 
per  hour 
b.  La't  mm  T'">y 
oa  duafc  mcerval, 
in  »on 
C.G/C 
Rauo 
i  Oopoun  J  volume 

ia  vpA 
e.  L^t  mm 
ao»c«7  on 
trosn.  la  vpa 
r.  Lfft  mm 
ajaaiy  in  vnh 
(b  -  c) 
t.'L:A  mm  volume 

in  rpn 
H.  li  voiume  >^pac. 

ity(i>n7 


5i       ® 

© 

'^ 

t-i*" 

~~^      ^ 

i*-- 

^(Ht 

n 

ALL-    V£:i~ltaL<, 

f^cv/o^'ii-y 

Cii~ZAA.E:D    IN 

P»f\SE.     /\ 

z.v=.     ^7(o 

cirj=      O 

CUljLi^, 


® 


3&  oyiA^  //fu.^. 


OJlAjMyy^^     3   see 


36  C/c^£5/^^ 


cyc- 


CLV= 


3  ^  %    ^x^it^.s^  ji^  Z^  p    CauMa-c^^  ^\  filn^^&UuL^^ 


ZC\M  1H6 
V/C    -"7/ 
LOS     C 


CnfTEPIA  (von) 


Loa 


^)      ^^^ 


A 

B 

C 

0 


90(3 

1030 
1200 

1C30 
1300 


3  a- 


S3S 
1000 

1273 
1-423 


-t  3- 


823 
9(]3 
IIOO 

1223 

1373 


Canauittowj  £nq»»«3  A  P'armara 
ISA  Htan  aireac  3o3ton. " 
8l7;4aZ-lS7t3 


(sna   r^r.;r:T>rtT?3  a:;    -^^^       pats   />,»  ^^Co      .snr--?  a  pgr 


'"-'-'   ^--'    32 


DATS     /«i' 

OATS 


INTcHSSOnON  GSOMETHY 


(ndlcata 
North 


PHASING 


il^  2 


314-      ® 


16 


IX 


TT 


(D 


V 


■TT 


© 


V 


Hi 


U     -II 


r' 


* 


® 


T/^'^r  A--^o, 


7^0 


^Oj^JH^ 


:i| 


3ft  t  ^V  '- 


//^    //;) 


5; 


CIT-      Lj./^  CL'7^     0 


CLV-     ///7 


CT^ 


cv- 


h 


OWttrrAiL  3o^  AidnctuTrx  L^i    -^^  OxlIj^ucu  >^  -^cLl^'ju^tj 


V/C_£L 
LOS      /r 


O^I ;  c-iW  (frm) 


/    2  J    ^ 


3  J 


-4.3" 


LC3 


A 

«aa 

a 

ituo 

c 

13iM 

0 

isao 

s 

isoa 

/CfO 

taa 

lOOO 

13T3 
1439 


aas 


ttcd 

tsss 
lara 


isse/Hangen  Engineering,  Inc. 
jiting  Engineers  &  Planners 
mingham  Parkway,  Boston,  MA  02135 
33-7000 


INTZHSZCTION_ 
ALT.    SUILD 
CU^CULATZD    BY 
CZZCZZD   BY 


eA<^  DATS   G  - 


&€D-F0i2j) 


PEBJIOD 

(Sfe    _  SHZZT3" 


TEHScCTlON  GEOMETRY 


Indicate 
North 


Lzj'i  Turn  Check 


Aooroacn 


1.  .Vumber  at 

eJunye  intervxU 
per  (lour 

b.  La'i  turn  caducity 
oo  cftanje  latrrval, 
in  v^h 

c.  G/'C 
Rauo 

"1.  Oppounj  Toiumc 

in  vpn 
c  Ldt  [um 

aa»aty  on 

iresn,  in  vpn 
r.  Ld't  turn 

a^aaty  in  vnh 

t.'Ld't  rum  volume 

ia  vpn 
h.  li  voiufnc  >  C3pac« 


36  ouxdlu/AfuA^ 


LV:.       L?b 


=  /?    S£'c    o/^  7,4-  V£a/ 


CLV= 


o 


36  CYc^Ei,/^^ 
-       342.  vc;/ 


CLV-    ^S'^- 


VVL^/ 


'cya: 


CLV= 


'CLV= 


1^ 


^^■^o     ^^\J,J^L<Mr>-  Ai-   2-/    Ca2(£a^  ^\   ■fjM'^Pu^i.r^' 


v/c    .  ^/ 

LOS       C 


C;-.'!  1' c-:!A  (vcn) 

LC3     A 

B 

C 

D 

E 

3  a' 


4.  ar 


soa 

833 

823 

1030 

1000 

9fl3 

liOO 

ii.*a 

t1CO 

1330 

1273 

122J 

1300 

1^23 

13T3 

/os<^ 


l^y^j 


i"  "J 


<, 


/  /,);urc)ul  hcDrc. 


lof^f^ 


32SZGD      -pnn 


lNTc3=SEC"nON  GSOMETH^ 


tndlcata 
Ncrti: 


■r  OA/        X 


L^ft  Tunr  Czeo 


^I^ttcani 


e.a'C 
fUoa 


'ta  *9* 


FV^A5.?;G 


31^ 


TT 

■TT 

r' 

i^'^ 

® 

(D 

2\q  T^it-^ 

• 

ALL  ^CfilCUi 
?'nfi5£  A 

/->   ^v^ 

- 

t=.T-    1-) ;  9     =.7- 

CIT-      ^^3. 

GI.T- 

CI.V- 

GWo/YTJL  vBo^  /vidttcturri  un 


0 


QuX^U^u  J-'X^   ■^A^^cLiU.U.UXr^ 


^c 


LOS. 


2l 


c?rr= 

PL* 

(vTjni                      /    2  J-    i 

LCS 

A 

• 

a 

lOSO 

c 

isno 

0 

isaa 

s 

taaa 

3  J 


^3 


loao 

tsra 
^AZ3 


tioo 


°^(^/-; 


sse/Hangen  Engineenng,  Inc. 

Iting  Engineers  &  Planners 
ningham  Parkway.  Boston,  MA  02135 

S3-7000 


ALT.     fTy.u^inc, 
c:kLaiLAa:zD  by_ 

BY 


^(jA^yy/CK  /  U/C/-1 


/s 


CUTj./ 


<AP-        DATS 


PEIIIOD 


C2ZCSZD 


DATS 


'^'3^.'g^ 


SHZZT 


.aju 


-Q/.-L. 


JOB    NO.  Mq? 

£^^^__idiii;  2ZZZ 


TEHSECTION  GHOMETHY 


Indicate 
North 


£^/i  Jum  Check 


Aooraaen 


a.  Mumbcr  a/ 

c&an^  intervals 
per  iiour 

b.  La't  mm  aowty 
on  cflsnge  loisrval. 
In  »7n 

C.G/C 
Raua 

d.  Oppoung  volume 
is  vpn 

e.  LcS't  turn 
ooaciiy  on 
frccAi  us  vpn 

r.  Ld^t  lura 

dcacity  In  vph 

(b«e) 
t^Ld't  mni  voiumc 

in  vpn 
tx.  U  volume  >  apse- 

ity(X>07 


'HASiNG 


/I 


90 


T" 


^:i-i, 
^ 


© 


>5     5-5-  7^ 
^     HS7o 


® 


CLV= 


Z^f 


CLV= 


^3^ 


CLV= 


C1V= 


CLV= 


CiJ^i^juyuL.     3^  "7 J    y\jLXixX>t\/!vy^  ^^      ^A      OxjJ^^j^    y^fu     w*«ix4^2ti>*.. 


z:  cLv  ua-^ 
v/c    .up 

LOS       A 


C^il  I  brltA 

(vTjn)                        (2^1 

3  3 

4.  3" 

LC3 

A 

900 

aaa 

823 

a 

1030 

•■  : 

1000 

943 

c 

1200 

11.40 

1100 

0 

1330 

1273 

1223 

E 

1300 

o-?" 

1423 

1373 

[Ml  ^'7 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners 

60  Birmingnam  Parl<way.  Boston.  MA  02135 

617/783-7000 


ALT.    P^yL'^imQ  ^fZAil       /<1 


CJ^OILk'^ZD    3 Y/     <7^  i^        DATS 
3Y  DAT2 


^ PZIIIOD 


TSL 


INTHHSSCTION  GEOMETRY 


Ac 


__JG3    NQ   _^ 


G- 


_,^^/  Indicate 


Left  Turn  Check 

a.  Numocr  at 

Aooroac 

t         2        : 

etan^  mirrvais 

per  .lour 

ll.  La't  nira  aoaaty 

OB  cun^  mumL, 

in  von 

cG/'C 

fLauo 

d.  Oppaunf  volume 

IB  vpn 

e.  Lsst  turn 

eaoaaiy  on 

(1  l^'t  turn 

caoaoty  in  vpA 

(b-e) 

X.-Ld't  mm  volume 

IB  vpn 

h.  Is  voiumv  >  came* 

itylf  >n7 

PHASING 

T  ^ 

© 

© 

^35  t4^- 

^17 

^^3  -e  6  = 

• 

cLv-  a-)-] 

CLV-    301 

CLVa 

d'/a 

CLV= 

ClJ^iAJuyx^     3^  "70    /v^/u^^irvT-  _>^      2_/^      CuJ^^j^    ^a    .^.(jl-UZo^ - 


E  CLV__lli. 
LOS 


CniTiPtA  (vcn) 


LC3 


>^ 


A 

a 
c 

0 

E 


(2  J 


3  0 


105-0 


-t  3" 


aoa 

saa 

S23 

loao 

1000 

063 

1200 

ii-*o 

1100 

1330 

1273 

1223 

isaa 

1423 

1373 

^/c 


'; 


se/Hangen  Engineering,  Inc. 

nc  Engineers  &  Planners 

ingnam  Parkway.  Boston,  MA  02135 

-7000 


/ 


X 


5  u^^^^TC^  J  U/Cf^  /SOU  r-j-f 


12H 


BE3I0D 


rrm 


-  DATZ  s-p9l^L   SEZZT^2_QF 

C2ZCSZD  BY__ DATS       '   ^  JQH  t^0._,   M  d^  ? 


HHSSCTION  GEOMETRY 


^ASING 


•     ^^/  Indicate 
■^■^~^'     North 


TJgy.    K^liatgU" 


Left  Turn  Check 

Aooroacn 

1.  Number  oi 

t          2         3 

4 

elun^  intnviu 

per  iiour 

)>.  I^i't  rura  oosaty 

OS  caange  loirmi. 

in  v^n 

■ 

cG/C 

iUuo 

d.  Oopounj  voliune 

ta  ypn 

e.  Lo'c  :um 

aoaaty  on 

jTcert.  ui  vpa 

r.  Ldi  turn 

aaaaty  m  vpii 

(b-e> 

^  Left  niro  vol  urn* 

la  vpn 

)l.  U  volunw  >ap>c- 

irr(|>07 

1^ 


© 


® 


© 


llO-t-zfJ-- 


I.V= 


3P^ 


CLV= 


/(d^ 


CLV= 


CI.V= 


CLV= 


QyJ^MX^yu2_      3^"^ J     y^XuX^tvi^v^^   -^^       ^r        CmJ^^ju^    _^iv     .jejJj^^Xu^^ 


v/c     ''47 
LOS      A 


CMI 1  =.H1A 

(van 

)                       [13 

3  3 

4  3- 

LC3 

A 

aaa 

saa 

823 

a 

iaaa 

1000 

3da 

c 

1200 

ii.*o 

1100 

0 

laao 

12T3 

1223 

s 

1200 

(OSO 

1423 

lara 

WA^'V 


/anasse/Hangen  Engineenng,  Inc. 

:onsulting  Engineers  i  Planners 

30  Birmingham  Pafk\A/ay.  Boston,  MA  02135 

317/783-7000  .       " 


rSTZSSZCTION       ^^  c-^y-'t';/  / 

-J>J.T.      MA.-?)0.\ri  rZAil       |HV?-1  gpiIOD        \^m     -■' 

CSZOSD    BY DATS  jLjCB   NO .  .       M  j  ?" 


INTERSECTION  GEOMETRY 


s^rJ/^lES- 


y*/  Indicate 
;j^^      North 


Left  Turn  Check 


a.  SumOrr  ai 

eSan^  imcnrus 

per  .lour 

It.  La't  cura  catMoir 

oa  caange  laiemi. 

in  y^n 

cG/C 

iUuo 

d.  Oopoting  volume 

la  ypn 

e.  La't  lura 

ataaiy  an 

r.  Ld't  tura 

cxoaaty  in  vpfl 

fb-ej 

t^Leit  mra  «alu<n* 

la  vpn 

h.  U  volume  >  opac- 

ity (f  >  07 

PHASING 


?ii3i) 


© 


® 


(D 


^^-'^^    d-l^ 


CLV= 


O'/)^ 


CLV= 


CI.V= 


CLV= 


Cl^2^i^i'iu2_     3^'7<)    y\X/Cix.cCA)^  ->»-      ^/^      OuJ^^u^      2t^    .^/jL^t^^ 


ZCLV_kiO 
V/C      '(rl 
LOS      3 


CaiT=>l!A  (van)                        (2^1 

Z  3 

4.  3 

LC3             A 

aaa 

ma 

ssa 

B 

laao 

1000 

S«3 

C 

1200 

ii.*o 

nao 

0 

laao 

1273 

1223 

E 

1300 

10 

50 

1423 

1373 

°_i^'y 


se/Hangen  Engmeenng,  Inc. 

ing  Engineers  &.  Planners 

lingham  Parkway.  Boston,  MA  02135 

3-7000 


'  INTZHSZCTION 


^Uf^f^CJ^  Ju/CH  j  Sau-rj-f 


Y. 


^ZAil 


Calculated  by 

BY ' 


"WAiL.        DATZ         )?l,^a.)g</^ 


DAIS 


JOB   NO 


-EHSECTION  GEOMETRY 


Indicate 
North 


T5gv.  i<:)\mt%<g 


JL^/;f  Turn  Check 


a.  Nofflocr  a^ 

Aooroacn 

^        1       3 

4 

eiianfv  iniervxu 

per  aaur 

^  Lest  ran  eaaacitr 

OB  uange  latcrvsi. 

in  »vn 

cG/C 

itiuo 

d.  Oppounf  voiumc 

to  vpn 

e.  Lett  turn 

czoicity  on 

^lliL.L  lA  vpfl 

r.  Lfft  lura 

aaaavf  in  v^A 

(S*e> 

(^Leit  nira  volume 

IS  vpn 

h.  li  voluim  >  opac- 

ity (f>0? 

has;ng 


o 


T 


© 


'^ 


5f 


® 


1(0  -fHH^ 


-V-  d;2Pj         clv-   /(^g- 


CLV= 


CLV= 


CLV= 


Cia-3Ajuyui_     3^  "7 J    /v/.ZxxJ^^in^  ->*-      '^P      OuJa^\J^     J-^     .^■U.^X^'^  <!^ 


ECLV_yEil 

.  v/c   iun 

LOS       yj 


c^"i :  'i-wtA 

(von 

)                         (2^) 

3  3 

A  3" 

LC3 

A 

900 

822 

823 

a 

loao 

1000 

9«5 

c 

1200 

ii.*o 

1100 

Q 

laao 

1273 

1223 

E 

1200 

l5 

5-0 

1*23 

1373 

Vanasse/Hangen  Engineering,  Inc. 

ConsuJting  Engineers  &  Planners 

60  Birmingnam  Parkway.  Boston,  MA  02135 

617/783-7000 


,^«     5 u/f^^C^ /-V/^//  J  sou 7Y 


I'^'s'-i       g£:iiQD      um 


YZAit         ,    .  o  , ^ 

"^A^        DATS       t^\c)^\^ic      SEZZT 


DATS 


jca  NQ.   .    m39" 


INTEnSECTlON  GEOMETRY 


^v*/  Indicate 


"^e^y    >6iiu[iSU 


Le]t  Turn  Check 


X.  Mtimacr  ai 

dan^  intcrviu 

per  tiour 
b.  Lot  rum  eaoacity 

oa  fflinge  loirmi, 

in  vxin 
cG/'C 

Rjua 

d.  Oppounf  volume 
ia  vpn 

e.  L^t  lura 
exxaaty  an 
prcn.  m  vpa 

C  L^t  lura 

eiiacity  la  vpA 

(b-el 
t-Ld't  mm  voiuina 

ia  vpn 
h.  U  vaiunm  >  ^pae< 


PHASING 


T 


© 


•c/ 


® 


^76 


ci.v= 


^7^ 


CLV= 


^A4^ 


CZ.V= 


CLV= 


CLV= 


^i2j^z^u2_     3^*7^    y\jL/iijutiA^  ->^     ^/^     0\jJ^^J^    ^^    .^ei/^Muy^ 


ZCLV    ^A"^ 

V/C._i^^ 
LOS     (1 


car:  =,^!A 

(van 

)          (2^ 

3  ^ 

4.  3" 

LC3 

A 

goa 

saa 

823 

a 

iaaa 

1000 

saa 

c 

1200 

11'^ 

1100 

0 

laao 

12T3 

1323 

E 

laoo 

/OSO 

1423 

1373 

isse/Hangen  Engineering,  Inc. 

jKing  Engineers  &  Planners 
mingham  Parkway.  Boston,  MA  02135 

83-7000 


ALT.  eX(6TiKJG  YZAil  { T  Bfa 
CALCIILAT2D  BY  ^-^  DATE  ^  - 
C2ZC2SD    3Y DATS JOB   NO. 


PZ3J:0D_ 


:  (    OF    k? 


[SECTION  GEOMETRY 


Indicate 
North 


■S'-M-viCfi- 


X^/i  Turn  Check 

Aooraacn 

X.  Number  o/ 

12         3* 

chan^  inLctviU 

per  Hour 

b.  La't  mm  apaa'ty 

an  eftaate  inierval. 

la  vpa 

cG/C 

iUoo 

d.  Oppounf  volume 

m  vpn 

e.  Left  rum 

aoaaiy  on 

prrn.  m  vph 

r.  Lrft  lum 

aoaaty  in  vph 

(b«e( 

X.'Lci't  mm  volume 

in  vpn 

h.  Ii  volume  >aciac' 

icy(t>07 

=HAS!NG 

^5^^55'^ 

fff 

.1      >■      c 

r      c       r 

® 

© 

2.cyo  i5Vo  4^"^ 

55'/fe 

• 

r-.v.     ^30 

CLV=.     fOO 

r-.v^    Sf^ 

CLV=« 

CLV= 

<2^^^^U^-^      3o%    ^^jJaa^cI^^  -^     3/     OuJS^x^  ^,/ir^  .^^^Uj^^^^Ud.^ 


L  CLV. 

v/c. 

LOS 


iIA  (van) 


2^ 


3  0 


-I  3" 


L03 

A 

300 

sss 

823 

. 

e 

loao 

1000 

.    aaa 

c 

1200 

11-tO 

1100 

□ 

laao 

1273 

1223 

E 

1300 

1423 

99fi 

1373 

\ 


\Lljn4  ^  '^  y 


Vanasse/Hangen  Engineering,  inc. 

ConsuKing  Engineers  &  Planners 

60  Birmingham  Parkway.  Boston.  MA  02135 

617/783-7000 


S^^f^y^CC    /eo/\D /su^/yiC^Z/'C 


IMTISSZCTION 

ALT.     PXt^^li^G        TI^k2.       I<JQ(„  gZRIOD  A^~ 

CALCJLATZD    BY      kfA^        DATS    ^- ^  ,8  -  6<n        SHZZT  -^   (^ 
CHZCZZD   BY DATS JOB   NO.        / -T,' 


INTEHSECTION  GSOMETHY 


U1 

1 

1 

4 

1 

v^ 

^ 

'^'Virti£,fZ- 


X^/:f  Tarn  Che\ 


AooR 


1.  .Vumbcr  a/ 

cian^  ioicmis 

per  Sour 
b.  La't  mm  a^soty 

oa  e.'unie  laiervaL, 

ia  vpn 
e.G/'C 

d.  Oqpoiinf  volume 
ia  rpn 

e.  Lc^t  mm 
aoiaiv  on 
peen.  in  vph 

r.  l^t  turn 

aoaaiy  in  vph 

(b-e) 
t^Le^t  mm  voluRM 

ia  Y^n 
lu  !i  volume  >c3i>ae- 

icy  (0  07 


PHASING 


-={5'/)  55  7. 


A)        /  80 


■^^ 


■^7>r 

^75- 


o 


^^ 


8^ 


® 


2_c  7c    ^5  7.   -15% 


SS7. 


^    fOO 


CLV= 


2j4^ 


CLV= 


/^^ 


CLV= 


Z-7Z_ 


CLV= 


CLV= 


^^^^^'^L^^'>^     3^  :^o    ^\LJAA^ctyAr~-  ^     3  X    0\^JlsM^  .V^  ^<^«-^u<^J» 


E  CLV_£^ 
V/C     '  ^^ 
LOS      »5 


^lA  (van) 


2  ^ 


3  3- 


4.  3- 


LC3 

A 

aao 

333 

033 

• 

e 

1030 

1000 

.  903 

c 

1200 

11.40 

1100 

0 

1330 

1273 

irrj 

E 

1300 

1.*33 

?7c 

1373 

UJlJ:i 


V 


nasse/Hangen  Engineering,  Inc. 

isulting  Engineers  &  Planners 
Birmingham  Parkway.  Boston.  MA  02135 
/783-7000 


IHTZ^ZCTION    S^^t/^Ct:    /€ 


AJO: 

CILCULATZD   BY 
CHZCZZD   SY 


YZAil       /7 
2M-.  DATE 


di 


DATS 


S-'ZX-  3C 


SHZ£T  3  OF  6 

JOH   NO.        /  ^  8 


NTEHSECTION  GEOMETRY 


2,0-%    35%  ^5% 


CL\/  ,AncW^ 
^^^      (00 


CLV= 


2_^>0 


CLV= 


./(?0 


cLv=.  3ir^ 


/^ 

Indicate 
North 


X^/V  Turn  C/teofc 


Aooroac.T 


».  .Vumber  at 

cian^  intervzii 
per  hour 
b.  Lfi'e  turn  opaa'cy 
OS  chanic  interval, 
in  v^n 
e.  G/C 
Rjuo 
<!.  Oppojinj  volume 

in  vpn 
e.  Lf^t  turn 
apxaiy  on 
pten,  la  vpi 
t.  Left  turn 
apaaiy  in  vph 
(b«e) 
(.■I-e^t  mm  volume 

in  t^n 
h.  U  volume  >opac- 


© 


CLV= 


CLV= 


^^^^■^-^     3^^.    .^t^.v.;Z^>-     3/    O^JJ^^  Jn,  ^..^^Q^, 


carr^iA  (von) 


Lca 


A 

a 

c 

0 

£ 


23 


(  3  3 


.^ 


A  Z 


3oa 

333 

323 

1030 

1000 

.  9d3 

1200 

11-10 

110O 

1330 

1273 

1223 

1300 

1^23 

?76 

1373 

I-  ••"H-:ni 


V 


Vanasse/Hangen  Engineering,  Inc. 

Consulting  Engineers  &  Planners 

60  Birmingham  Pari<way.  Boston,  MA  02135 

617/783-7000 


I 

s  r  T'        k\    r\  in  I  I  I  I  •  / 


ALT.    M  0      G3c;i(j:)yz;^     TT^ 

CALCULATED    BY      >e/j>^        ^ 


PE2J0D 


p.r^r 


^^^^^--^     3^^,  ^.^^^t.,,^^^     3/    GuJ^^V^^Wj^ 


E  CLV_6/(? 

V/C    >6^ 

LOS      5 


C^TTEJnlA  (von) 


2  J 


103 


A 

a 
c 

0 


3  £r 


-t  3" 


900 

335 

022 

loaa 

1000 

.  9d2 

1300 

11.40 

noo 

loao 

12T3 

1222 

1200 

1-423 

116 

1373 

'B 


y 


jse/Hangen  Engineering,  Inc. 

tinq  Engineers  &  Planners  . 
lingham  Parkway.  Boston.  MA  0213o 

3-7000 


^cy/€r/?CC    ^0/\D  /  Su^xy?C.e//'C^^CA/y]S^ 


mTEIlSZCTION^ ^^__^__ 

ALT .       AV;  \  (-U        ^     YZAil       (  H  6  ^  PERIOD         -K  (W    ' 
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C.  1  Motor  Vehicle  Emissions 

Motor  vehicle  emission  rates  used  in  this  analysis  were 
generated  by  the  EPA  M0BILE3  computer  program*.   Modeling  runs 
were  based  on  the  M0BILE3  default  national  motor  vehicle  mix 
(see  Table  C.l)  and  an  average  December  temperature  of  33°F. 
The  1985  Massachusetts  registration  distribution  for  light  duty 
vehicles,  light  duty  trucks,  and  heavy  duty  trucks  (see  Table 
C.2)  was  used  for  the  existing  year  while  the  M0BILE3  default 
registration  distribution  was  assumed  for  future  cases.   The 
M0BILE3  default  national  cold/hot  start  mix  (presented  in  Table 
C.3)  was  used  for  determining  roadway  emissions  during  the  peak 
eight-hour  period.   A  mix  with  a  higher  cold  start  percentage 
for  the  rush  hour  was  used  to  represent  the  peak  one-hour  period 
(see  Table  C.4).   Emission  rates  are  based  on  peak  one-hour  and 
eight-hour  travel  speeds  for  vehicles  approaching  each  intersec- 
tion as  estimated  from  field  surveys.   Table  C.5  presents  the 
composite  free-flow  emission  rates  for  the  peak  one-hour  and 
eight-hour  periods.   Idle  mode  emission  rates  for  development  of 
the  linear  queuing  source  strength  were  calculated  based  on  a  5 
mph  vehicle  speed  and  peak  1-  and  8-hour  vehicle  operating 
conditions  as  described  above.   These  are  shown  in  Table  C.6. 
The  M0BILE3  idle  mode  emission  rates  were  not  considered  as  they 
reflect  only  hot  stabilized  conditions.   The  effect  of  the 
statewide  inspection/maintenance  (I/M)  program  was  incorporated 
and  included  a  program  implemented  in  1983,  a  13%  stringency 
level,  no  mechanic  training,  an  earliest  model  year  of  15  years 
prior  to  the  analysis  year,  vehicle  type  categories  of  LDGV, 
LDGTl  and  LDGT2,  and  an  idle  test  with  cut  points  of  1.2%  and 
220  ppm  for  CO  and  HC,  respectively.   In  addition,  no 
alternative  I/M  credits  or  anti-tampering  program  was  assumed. 
The  complete  M0BILE3  output  is  found  following  Table  C.20. 


EPA,  User's  Guide  to  M0BILE3:   Mobile  Source  Emissions  Model, 
EPA-460/3-84-002,  Ann  Arbor,  Ml,  June,  1984. 
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C.2   CALINE3  Model 

For  each  year  and  intersection  studied,  the  FHWA  CALINE3* 
computer  program  was  used  to  predict  CO  concentrations  at 
sensitive  receptor  locations.   Queue  lengths  utilized  in  the 
analysis  were  developed  from  worksheet  2  of  the  EPA  Volume  9 
Indirect  Source  Guidelines**.   The  Volume  9  worksheets  are 
included  at  the  end  of  this  Appendix. 

The  CALINE3  intersection  analysis  involved  superimposing 
motor  vehicle  idling  emissions  of  queue  links  on  free  flow 
links.   Based  on  EPA  recommendations,  the  only  modification  to 
these  procedures  was  that  a  queue  length  of  six  meters  instead 
of  eight  meters  was  used***.   For  overcapacity  situations,  queue 
lengths  were  calculated  using  the  National  Cooperative  Highway 
Research  Program  Report  #133  technique  as  suggested  by  EPA 
Region  I***. 

The  modeling  runs  were  supplemented  by  a  set  of  assumptions 
consistent  with  DEQE  and  BRA  requirements.   Worst  case  meteoro- 
logical conditions  of  Pasquill-Gif f ord  Class  D  stability 
combined  with  wind  speeds  of  1.0  and  1.3  m/s  for  peak  1-and 
8-hour  periods.   A  winter  mixing  height  of  850  meters****  and  an 
ambient  air  temperature  of  33°F  were  used.   These  meteorological 
data  are  appropriate  for  a  December  day  during  which  peak  CO 
concentrations  are  expected  to  occur.   For  each  intersection, 
the  full  range  of  wind  directions  at  10  degree  intervals  was 
examined.   In  addition,  a  surface  roughness  (Z  ) 


*   FHWA,  CALINE3  -  A  Versatile  Dispersion  Model  for 
Predicting  Air  Pollutant  Levels  Near  Highways  and 
Arterial  Streets,  FHWA/CA/TL-79/23 ,  November,  1979. 

**   EPA,  Guidelines  for  Air  Quality  Maintenance  Planning 
and  Analysis  Volume  9  (Revised)  :   Evaluating  Indirect 
5oiJrces,  Second  Printing,  EPA-430/A-78-001 ,  Research 
Triangle  Park,  NC,  September,  1978. 

^♦*   EPA  Region  I,  Region  I  Mobile  Source  Modeling 
Procedures,  January  T,    IVW5~. 

^**   Holzworth,  G.C.,  Mixing  heights,  Wind  Speeds,  and 
Potential  for  Urban  Air  Quality  Throughout  the 
Contiguous  United  States,  USLPA,  AP-lOi,  January,  1972, 


1196/4185h  C-2 


of  321  cm  (defined  by  CALINE3  for  central  business  districts), 
and  settling  and  deposition  velocities  of  0.0  cm/s  were 
incorporated.   Due  to  the  large  amount  of  model  output,  hardcopy 
will  be  provided  for  review  upon  request. 

C. 3  Parking  Garage  Analysis 

A  separate  analysis  was  performed  to  determine  impacts  of 
the  project's  proposed  5  level-238  space  underground  parking 
garage.   The  parking  facility  analysis  predicted  maximum  1-hour 
and  8-hour  CO  concentrations,  for  the  1989  build  configuration, 
using  the  EPA  M0BILE3,  EPA  Indirect  Source  Guidelines  and 
Halitsky's  gas  diffusion  equations.   Concentrations  were 
calculated  at  all  receptor  locations,  in  conjunction  with  a 
worst  case  1-hour  wind  speed  of  1.0  m/s  and  eight-hour  speed  of 
1.3  m/s. 

The  uncerground  parking  garage  will  be  serviced  by  five 
forced  air  ventilation  units.   The  exhaust  vents  will  be  located 
on  the  roof  of  the  five  story  base  structure.   One  exhaust  vent 
will  be  located  at  the  building  corner  near  the  Summer 
Street/South  Street  intersection  (Stack  1).   The  four  other 
stacks  are  located  along  the  building  side  facing  Lincoln 
Street.   Each  exhaust  vent  will  have  a  total  area  of  17.36 
square  feet  with  a  flow  rate  of  21,000  cfm.   In  the  analysis, 
stacks  2  and  3  were  assumed  co-located  as  were  stacks  4  and  5 
due  to  their  close  proximity  of  each  other.   For  each  of  the 
co-located  stacks,  the  contribution  of  one  stack  was  doubled. 

Emissions  were  estimated  using  Worksheet  3  of  the  EPA 
Indirect  Source  Guidelines.   These  worksheets  are  included  at 
the  end  of  this  Appendix.   The  ventilation  system  will  emit  a 
total  of  2.56  g/s  of  CO  during  the  peak  AM  1-hour  period,  2.63 
g/s  of  CO  during  peak  PM  1-hour  period,  and  0.18  g/s  of  CO 
during  the  8-hour  period. 
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The  concentration  of  CO  in  the  ventilation  system  exhaust 
was  determined  by  the  following  formula: 


X   =   870  (Q  +  (Xj^)(F))/F 


where 


X   =   CO  concentration  in  the  ventilation 
exhaust  (ppm) 


Q   =   CO  emission  rate  for  the  vent  system 
(g/s) 

;,   =  Background  concentration  of  CO  in  the 
makeup  air  assumed  equal  to  the  1989 
background  concentrations  used  in  this 
analysis  (g/m  ) 

F   =   Volumetric  flow  rate  (m  /s) 


Background  concentrations  of  6.0  ppm  and  3.6  ppm  were  used  for 
the  1-hour  and  8-hour  periods.   These  levels  are  equivalent  to 
6.90  do"  )  and  4.14  (10~  )  g/rn^ ,    respectively. 
Concentrations  of  CO  in  each  exhaust  vent  are  predicted  to  be: 


X  =  50.95  ppm  (1-Hour  AM) 
=  52.18  ppm  (1-Hour  PM ) 
=    6.76  ppm  (8-Hour) 

For  near-field  receptors  such  as  those  being  considered, 
ambient  concentrations  were  scaled  from  the  ventilation  air 
concentrations  using  Halitsky's  empirical  model  for  gas 
diffusion  near  buildings.   This  model  states  that  the  ambient 
concentration  X   equals: 


X/D 
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where  D  is  a  dilution  factor  defined  as  follows 

2 


D  =  2.22  M 


[3. 16  .   -° 


.1(S) 


(Ae) 


1/2 


Ve 


The  terms  are  defined  as  follows 


M 


building  configuration  factor,  equal  to 
4.0  for  ground-level  receptors  in  the 
cavity  of  the  exhaust  plume 


shortest  arc  distance  from  source  to 
receptor  (m) 


Ae 
V 


area  of  an  exhaust  opening,  1.61m' 

ambient  wind  velocity, 
1.0  m/s  (1-Hour) 
1.3  m/s  (8-Hour) 


Ve 


source  exit  velocity, 
6.16  m/s 


Tables  C.7  through  C.12  summarize  the  model  input 
parameters  and  results  for  each  receptor  examined  for  the 
one-hour  and  eight-hour  periods.   These  values  represent  actual 
physical  characteristics  of  the  ventilation  system  as  presented 
above,  source-receptor  geometry,  and  worst  case  wind  conditions. 

C.  A   Dewey  Square  Tunnel  Ventilation  Building  Analysis 

In  order  to  address  potential  impacts  of  pollutants 
emitted  from  the  adjacent  ventilation  buildings,  Halitsky's  gas 
diffusion  equation  was  used  to  examine  CO  concentrations  at 
each  receptor  location  for  the  existing  and  future  cases. 
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Travel  speed,  tunnel  length  and  traffic  volumes  were 
obtained  from  the  Third  Harbor  Tunnel/Central  Artery  EIS*. 
Pollutant  emissions  were  computed  using  the  EPA  M0BILE3  program 
for  the  central  artery  (at  26  mph),  and  are  as  follows: 

Emissions  (grams/vehicle-mile) 
1-hour  8-hour 

1986         51.46  32.88 

1989         40.16  25.40 

Based  on  these  emission  factors,  traffic  volumes,  and  the 
length  of  tunnel  serviced  by  these  ventilation  buildings**,  the 
following  emission  rates  were  calculated: 

Emission  Rates  (g/s)  [Traffic  Volumes]**^ 
Ventilation  Building         1-hour  8-hour 

Southbound   1986  17.6  [5524]        9.2  [4530] 

1989  15.7  [6293]        8.1  [5160] 

Northbound   1986  15.7  [4910]        8.2  [4026] 

1989  13.6  [5446]        7.0  [4466] 

The  concentration  of  CO  in  the  ventilation  systems  was 
when  determined  with  the  following  formula: 


FHWA  and  MDPW,  Final  EIS:   Third  Harbor  Tunnel  Interstate 
90/Central  Artery,  Interstate  93,  FHWA-MA-EIS-82-02-F, 
August  1985  (Appendices) . 

There  are  a  total  of  four  ventilation  buildings  servicing 
the  Dewey  Square  Tunnel.   It  is  assumed  the  two  vents  near 
the  project  site  service  half  the  total  0.447  miles  of 
tunnel,  or  0.2235  miles. 

Bracketed  numbers  are  traffic  volumes. 
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X  =  870  (Q+(X^)(F))/F 


where 


CO  concentration  in  the  ventilation 
exhaust  (ppm) 


CO  emission  rate  for  the  vent  system 
(g/s) 

Background  concentration  of  CO  in  the 
makeup  air  assumed  equal  to  the  1989 
background  concentrations  used  in  this 
analysis  (g/m  ) 

Volumetric  flow  rate  (m  /s) 


Background  concentrations  of  6.0  ppm  and  3.6  ppm  were  used  for 
the  1-hour  and  8-hour  periods.   These  levels  are  equivalent  to 
6.90  (10~^)  and  4.14  (lO"'^)  g/m^,  respectively.   A  flow 
rate  of  560  m  /s  was  used  for  the  southbound  ventilation 
building  and  710  m  /s  for  the  northbound  ventilation 
building.*   Concentrations  of  CO  in  each  vent  are  predicted  to 
be : 

Concentration  (X) (grams/cubic  meter) 

Ventilation  Building     1-hour  8-hour 

Southbound   1986 

1989 
Northbound   1986 

1989 


33. 

.34 

30. 

39 

25, 

.24 

22. 

,67 

17. 

,89 

16. 

18 

13. 

,65 

12, 

,18 

*  Ref  EIS 
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For  near-fiela  receptors  such  as  those  being  considered, 
ambient  concentrations  were  scaled  from  the  ventilation  air 
concentrations  using  Halitsky's  empirical  model  for  gas 
diffusion  near  buildings.   This  model  states  that  the  ambient 
concentrations  X  equals: 

Xa  =  X/D 

where  D  is  a  dilution  factor  defined  as  follows: 


D  =  2.22  M 


The  terms  are  as  follows 


3.16  + 


O.KS) 


(Ae) 


T72 


Ve 


M 


building  configuration  factor,  equal  to 
4.0  for  ground-level  receptors  in  the 
cavity  of  the  exhaust  plume 


shortest  arc  distance  from  source  to 
receptor  (m) 


Ae 


area  of  an  exhaust  opening,  116  m' 


ambient  wind  velocity, 
1.0  m/s  (1-Hour) 
1.3  m/s  (8-Hour) 


Ve 


source  exit  velocity,  4.8  m/s 
(Southbound  Vent)  6.1  m/s  (Northbound 
Vent) . 


Tables  C.13-C.20  summarize  the  model  input  parameters  and 
results  for  each  receptor  examined  for  the  one-hour  and 
eight-hour  periods.   The  values  represent  actual   physical 
characteristics  of  the  ventilation  system  and  presented  above, 
source-receptor  geometry,  and  worst  case  wind  conditions. 
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TABLE  C.l 

NATIONWIDE  AVERAGE 

MOTOR  VEHICLE  MIX  BY  TYPE* 


Vehicle  Type 


Percentage  of  VMT 
1986       1989 


ight-Duty  Gasoline  Vehicles  (LDGV) 
ight-Duty  Gasoline  Trucks 

0-6000  lb  GVW**  (LDGTl) 
Over  6000  lb  GVW  (LDGT2) 
eavy-Duty  Gasoline  Trucks  (HDGV) 
ight-Duty  Diesel  Vehicles  (LDDV) 
ight-Duty  Diesel  Trucks  (LDDT) 
eavy-Duty  Diesel  Trucks  (HDDT) 
otorcycles  (MC) 


65.7 


6A,0 


13.0 

11.8 

9.0 

8.6 

3.5 

A.l 

2.7 

A.l 

0.9 

1.8 

A. 4 

4.9 

0.7 

0.7 

EPA,  User's  Guide  to  M0BILE3:   Mobile  Source  Emissions 
Model,  EPA-460/3-84-002,  Ann  Arbor,  MI,  June,  1984. 

*  Gross  vehicle  weight. 
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TABLE  C.2 
1985  MASSACHUSETTS  VEHICLE 


REGISTRATION 

DISTRIBUTION 

Vehicle 

Age 

Percent 

of  Total  Vehicles 

in  Years 

LDGV,LDDV 

LDGT,LDDT    HOT  (Gas  h   Diesel) 

1 

7.07 

6.3                4.2 

2 

10.13 

6.3                                       7.2 

3 

8.51 

5.8                5.4 

4 

7.74 

5.9                                       5.3 

5 

7.96 

12.6                8.4 

6 

8.36 

9.8               10.0 

7 

8.40 

8.8                8.2 

8 

7.88 

6.5                6.2 

9 

6.65 

4.6                4.8 

10 

6.00 

6.6                                        6.h 

11 

6.00 

5.7                6.4 

12 

5.00 

4.6                7.8 

13 

3.00 

3.4                3.8 

14 

2.00 

2.7                3.2 

15 

1.50 

2.2                3.0 

16 

1.10 

1.8                2.4 

17 

0.90 

1.7                2.1 

18 

0.70 

1.6                1.9 

19 

0.60 

1.4                1.8 

20 

+ 

0.50 

1.1                1.5 

Total 


100.0 


100.0 


100.0 


Source:   Massachusetts  Department  of  Environmental  Quality 
Engineering 
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TABLE  C.3 

NATIONWIDE  AVERAGE 

COLD/HOT  START  MIX  FOR  MOTOR  VEHICLES 


Vehicles  Cold 
Start  Mode  20.6% 

Vehicles  Hot 
Start  Mode  27.3% 

Vehicles  Hot 
Stabilized  Mode        52. 1% 

Total  100.0% 


TABLE  C.4 

RUSH  HOUR  COLD/HOT 

START  MIX  FOR  MOTOR  VEHICLES 


Vehicles  Cold 
Start  Mode  50.0% 

Vehicles  Hot 
Start  Mode  10.0% 

Vehicles  Hot 
Stabilized  Mode        AO.0% 

Total  100.0% 
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TABLE  C.5 
COMPOSITE  CO  EMISSION  RATES 


Averaging 
Period 


Roadway 


CO  Emissions  Rate 
(grams/mile) 


Speed  (mph)     1986 


1989 


1-Hour  Congress  &  Atlantic 
0  Congress/Atlantic 
Intersection 


17 


81.27 


61.24 


Atlantic  &  Summer 
@  Atlantic/Summer 
Intersection 


14 


95.26 


71.41 


All  Others 


12 


107.20 


79.84 


8-Hour    Congress/Atlantic 


25 


35.48 


21.58 


All  Others 


18 


49.44 


36.93 
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TABLE  C.6 
IDLE  MODE  EMISSION  RATES 


Averaging 
Perioa 


CO  Emission  Rate  (grams/minute) 


1986 


1989 


1-Hour 
8-Hour 


16.25 


10.52 


11.35 


7.30 
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TABLE  C.7 

PROPOSED  PARKING  GARAGE  ANALYSIS 

EXHAUST  STACK  1 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 


Receptor  Receptor 
Intersection       Number   Description      S(m)     D    Xa(ppm) 


Atlantic/Summer 


Congress/Atlantic 


Essex/Lincoln/ 
Surface** 


Kneeland/Surf ace 
South/Surface 


ASl 

South  Station 

584 

3,487 

.02 

AS2 

Cafe  Area 

584 

3,487 

.02 

AS3 

T  Entrance 

416 

1,863 

.03 

ASA 

T  Entrance 

584 

3,487 

.02 

CAl 

Bus  Terminal 

953 

8,831 

.01 

CA2 

IFR  Furniture 

1 

,132 

12,301 

.004 

CA3 

Doorway 

1 

,132 

12,301 

.004 

CA4 

Fed  Res  Bank 

1 

,042 

10,484 

.01 

ELSl 

Project  Corner 

139 

287 

.18 

ELS2 

Retail  Shop 

318 

1,148 

.04 

ELS3 

Parking  Lot 

279 

912 

.06 

KSl 

Bus  Stop 

1 

,162 

12,938 

.004 

KS2 

Parking  Area 

1 

,322 

16,612 

.003 

SSI 

Project  Corner 

81 

131 

.40 

SS2 

Crosswalk 

114 

213 

.25 

SS3 

Artery  Vent 

184 

450 

.12 

SSA 

Bus  Stop 

106 

191 

.27 

IF- 


"X   =  50.95  ppm  (AM);  52.18  ppm  (PM) 
V   =  1.0  m/s 
Ve  =  6.16  m/s 
Ae  =  1.61  m2 
M   =  4.0 

AM  peak  hour  used  for  intersection  analysis 
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TABLE  C.8 

PROPOSED  PARKING  GARAGE  ANALYSIS 

EXHAUST  STACKS  2  &  3 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 


Intersection 


Atlantic/Summer 


Receptor   Receptor 
Number   Description 


Congress/Atlantic 


Essex/Lincoln/ 
Surface** 


Kne eland /Surface 
South/Surface 


ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

ASA  T  Entrance 

CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CA4  Fed  Res  Bank 

ELSl  Project  Corner 

ELS2  Retail  Shop 

ELS3  Parking  Lot 

KSl  Bus  Stop 

KS2  Parking  Area 

551  Project  Corner 

552  Crosswalk 

553  Artery  Vent 

554  Bus  Stop 


S(m) 


D 


Xa(ppm) 


584 

3,487 

.03 

614 

3,831 

.03 

465 

2,284 

.05 

614 

3,831 

.03 

933 

8,478 

.01 

1,142 

12,512 

.01 

1,142 

12,512 

.01 

1,052 

10,679 

.01 

396 

1,703 

.06 

505 

2,660 

.04 

445 

2,107 

.05 

1,272 

15,415 

.01 

1,392 

18,363 

.01 

156 

344 

.30 

175 

414 

.25 

298 

1,023 

.10 

212 

569 

.18 

** 


X   =  101.90  ppm  (AM);  104.36  ppm  ( PM ) 
V   =  1.0  m/s 
Ve  =  6.16  m/s 
Ae  =  1.61  m2 
M   =  4.0 

AM  peak  hour  used  for  intersection  analysis 
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TABLE  C.9 

PROPOSED  PARKING  GARAGE  ANALYSIS 

EXHAUST  STACKS  4  &  5 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 


Intersection 


Atlantic/Summer 


Receptor   Receptor 
Number   Description 


Congress/Atlantic 


Essex/Lincoln/ 
Surface** 


Kneeland/Surface 
South/Surface 


ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

ASA  T  Entrance 

CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CA4  Fed  Res  Bank 

ELSl  Project  Corner 

ELS2  Retail  Shop 

ELS3  Parking  Lot 

KSl  Bus  Stop 

KS2  Parking  Area 

551  Project  Corner 

552  Crosswalk 

553  Artery  Vent 
SSA  Bus  Stop 


S(m) 


Xa(ppm) 


693 

4,812 

.02 

674 

4,566 

.02 

564 

3,268 

.03 

703 

4,944 

.02 

1,022 

10,109 

.01 

1,232 

14,489 

.01 

1,232 

14,489 

.01 

1,152 

12,724 

.01 

308 

1,085 

.09 

416 

1,862 

.05 

328 

1,213 

.08 

1,222 

14,262 

.01 

1,392 

18,363 

.01 

212 

569 

.18 

231 

658 

.16 

357 

1,412 

.07 

279 

912 

.11 

'    ^      =  101.90  ppm  (AM);  104.36  ppm  (PM) 

V   =  1.0  m/s 

Ve  =  6.16  m/s 

Ae  =  1.61  m2 

M   =  4.0 

**   AM  peak  hour  used  for  intersection  analysis 
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TABLE  C.IO 

PROPOSED  PARKING  GARAGE  ANALYSIS 

EXHAUST  STACK  1 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 


Intersection 


Atlantic/Summer 


Receptor  Receptor 
Number   Description 


Congress/Atlantic 


Essex/Lincoln/ 
Surface 


Kneeland /Surf ace 

South/Surface 


ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

AS4  T  Entrance 

CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CA4  Fed  Res  Bank 

ELSl  Project  Corner 
ELS2  Retail  Shop 
ELS3  Parking  Lot 

KSl   Bus  Stop 
KS2   Parking  Area 

551  Project  Corner 

552  Crosswalk 

553  Artery  Vent 
SSA  Bus  Stop 


S(m) 


D 


Xa(ppm) 


58A 

4,534 

.002 

584 

4,534 

.002 

416 

2,421 

.003 

584 

4,534 

.002 

953 

11,480 

.001 

1 

,132 

15,991 

.001 

1 

,132 

15,991 

.001 

1 

,042 

13,629 

.001 

139 

373 

.02 

318 

1,492 

.004 

279 

1,186 

.01 

1 

,162 

16,819 

.001 

1 

,322 

21,596 

.000 

81 

170 

.04 

114 

277 

.02 

184 

585 

.01 

106 

248 

.03 

X =  6.76  ppm 
V   =  1.3 
Ve  =  6.16 
Ae  =  1.61  m2 
M   =  4.0 
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TABLE  C.ll 

PROPOSED  PARKING  GARAGE  ANALYSIS 

EXHAUST  STACKS  2  &  3 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 


Intersection 


At Ian tic /Summer 


Receptor   Receptor 
Number   Description 


Congress/Atlantic 


Essex/Lincoln/ 

Surface 


Kneeland /Surf ace 
South/Surface 


ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

AS4  T  Entrance 

CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CA4  Fed  Res  Bank 

ELSl  Project  Corner 
ELS2  Retail  Shop 
ELS3  Parking  Lot 

KSl   Bus  Stop 
KS2   Parking  Area 

551  Project  Corner 

552  Crosswalk 

553  Artery  Vent 

554  Bus  Stop 


S(m) 


Xa(ppm) 


584 

4,534 

.003 

614 

4,980 

.003 

465 

2,970 

.005 

614 

4,980 

.003 

933 

11,022 

.001 

1,142 

16,265 

.001 

1,142 

16,265 

.001 

1,052 

13,883 

.001 

396 

2,214 

.01 

505 

3,459 

.004 

445 

2,739 

.005 

1,272 

20,039 

.001 

1,392 

23,872 

.001 

156 

448 

.03 

175 

538 

.03 

298 

1,331 

.01 

212 

740 

.02 

1^   =  13.52  ppm 
V   =  1.3  m/s 
Ve  =  6.16  m/s 
Ae  =  1.61  m2 
M   =  4.0 
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TABLE  C.12 

PROPOSED  PARKING  GARAGE  ANALYSIS 

EXHAUST  STACKS  4  &  5 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 


Intersection 


Atlantic/Summer 


Receptor   Receptor 
Number   Description 


Congress/ Atlantic 


Essex/Lincoln/ 
Surface 


Kneelana /Surf ace 
South/Surface 


S(m) 


Xa(ppfn) 


ASl 

South  Station 

693 

6,256 

.002 

AS2 

Cafe  Area 

674 

5,936 

.002 

AS3 

T  Entrance 

564 

4,248 

.003 

ASA 

T  Entrance 

703 

6,428 

.002 

CAl 

Bus  Terminal 

1 

,022 

13,130 

.001 

CA2 

IFR  Furniture 

1 

,232 

18,836 

.001 

CA3 

Doorway 

1 

,232 

18,836 

.001 

CA4 

Fed  Res  Bank 

1 

,132 

16,541 

.001 

ELSl 

Project  Corner 

308 

1,410 

.01 

ELS2 

Retail  Shop 

416 

2,421 

.01 

ELS3 

Parking  Lot 

328 

1,577 

.01 

KSl 

Bus  Stop 

1 

,222 

18,541 

.001 

KS2 

Parking  Area 

1 

,392 

23,872 

.001 

SSI 

Project  Corner 

212 

740 

.02 

SS2 

Crosswalk 

231 

855 

.02 

SS3 

Artery  Vent 

357 

1,835 

.01 

SS4 

Bus  Stop 

279 

1,185 

.01 

* 

X   =  13.52  ppm 

V   =  1.3  m/s 

Ve  =  6.16  m/s 

Ae  =  1.61  m2 

M   =  4.0 
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TABLE  C.13 

DEWEY  SQUARE  TUNNEL  SOUTHBOUND  VENT 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 

1986 


Receptor   Receptor 
Intersection       Number   Description      S(m)     D    Xa(ppm) 

Atlantic/Summer      ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

AS4  T  Entrance 

Congress/Atlantic    CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CA4  Fed  Res  Bank 

Essex/Lincoln/       ELSl  Project  Corner 
Surface  ELS2  Retail  Shop 

ELS3  Parking  Lot 

Kneeland/Surf ace     KSl   Bus  Stop 

KS2   Parking  Area 

South/Surface        SSI  Project  Corner 

552  Crosswalk 

553  Artery  Vent 
SSA  Bus  Stop 


"7   =  33.34  ppm 
V   =  1.0  m/s 
Ve  =  4.8  m/s 
Ae  =  116  m2 
M   =  4.0 


184 

43.8 

.76 

230 

51.9 

.64 

139 

36.6 

.91 

193 

45.4 

.73 

315 

68.5 

.49 

366 

79.6 

.42 

360 

78.2 

.43 

336 

72.9 

.46 

48 

24.0 

1.39 

83 

28.6 

1.17 

68 

26.6 

1.25 

•  333 

72.3 

.46 

382 

83.2 

.40 

31 

22.0 

1.52 

48 

24.0 

1.39 

46 

23.8 

1.40 

26 

21.4 

1.56 
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TABLE  C.14 

DEWEY  SQUARE  TUNNEL  SOUTHBOUND  VENT 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 

1986 


Receptor  Receptor 

Intersection       Number    Description  S(m)      D    Xa(ppm) 

Atlantic/Summer      ASl   South  Station  184    36.9  .31 

AS2   Cafe  Area  230  67.5  ,26 

AS3   T  Entrance  139    47.6  .38 

AS4   T  Entrance  193  59.0  .30 

Congress/Atlantic    CAl   Bus  Terminal  315    89.0  .20 

CA2   IFR  Furniture  366  103.5  .17 

CA3   Doorway  360  101.7  .18 

CA4   Fed  Res  Bank  336  94.8  .19 

Essex/Lincoln/       ELSl  Project  Corner  48    31.2  .57 

Surface              ELS2  Retail  Shop  83  37.2  .48 

ELS3  Parking  Lot  68    34.6  .52 

Kneeland/Surface     KSl   Bus  Stop  333  94.0  .19 

KS2   Parking  Area  382  108.2  .16 

South/Surface        SSI   Project  Corner  31  28.6  .62 

552  Crosswalk  48     31.2  .57 

553  Artery  Vent  46  30.9  .58 

554  Bus  Stop  26     27.8  .64 


* 

X   = 

17.89  ppm 

V   = 

1.3  m/s 

Ve  = 

4.8  m/s 

Ae  = 

116  m2 

M   = 

4.0 
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TABLE  C.15 

DEWEY  SQUARE  TUNNEL  NORTHBOUND  VENT 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 

1986 


Receptor   Receptor 
Intersection       Number   Description      S(m)     D    Xa(ppm) 

Atlantic/Summer      ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

ASA  T  Entrance 

Congress/Atlantic    CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CAA  Fed  Res  Bank 

Essex/Lincoln/       ELSl  Project  Corner 
Surface  ELS2  Retail  Shop 

ELS3  Parking  Lot 

Kneeland/Surf ace     KSl   Bus  Stop 

KS2   Parking  Area 

South/Surface        SSI  Project  Corner 

552  Crosswalk 

553  Artery  Vent 

554  Bus  Stop 


"5^   =  25.24  ppm 
V   =  1.0  m/s 
Ve  =  6.1  m/s 
Ae  =  116  m2 
M   =  4.0 


192 

35.6 

.71 

230 

40.8 

.62 

145 

29.6 

.85 

202 

36.9 

.68 

315 

53.9 

.47 

369 

63.1 

.40 

369 

63.1 

.40 

345 

58.9 

.43 

48 

18.9 

1.33 

54 

19.5 

1.29 

68 

20.9 

1.21 

306 

52.4 

.48 

378 

64.8 

.39 

59 

20.0 

1.26 

68 

20.9 

1.21 

26 

16.8 

1.50 

43 

18.4 

1.37 

1196/4185h  C-22 


TABLE  C.16 

DEWEY  SQUARE  TUNNEL  NORTHBOUND  VENT 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 

1986 


"X   =  13.65  ppm 
V   =  1.3  m/s 
Ve  =  6.1  m/s 
Ae  =  116  m2 

M   =  4.0 


Receptor   Receptor 
Intersection       Number   Description      S(m)     D    Xa(ppm) 

Atlantic/Summer      ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

ASA  T  Entrance 

Congress/Atlantic    CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CA4  Fed  Res  Bank 

Essex/Lincoln/       ELSl  Project  Corner 
Surface  ELS2  Retail  Shop 

ELS3  Parking  Lot 

Kneeland/Surf ace     KSl   Bus  Stop 

KS2   Parking  Area 

South/Surface        SSI  Project  Corner 

552  Crosswalk 

553  Artery  Vent 

554  Bus  Stop 


192 

46.3 

.29 

230 

53.0 

.26 

145 

38.5 

.35 

202 

48.0 

.28 

315 

70.1 

.19 

369 

82.0 

.17 

369 

82.0 

.17 

345 

76.6 

.18 

48 

24.6 

.26 

54 

25.3 

.54 

68 

27.2 

.50 

306 

68.1 

.20 

378 

84.2 

.16 

59 

26.0 

.52 

68 

27.2 

.50 

26 

21.8 

.63 

43 

23.9 

.57 

1196/4185h  C-23 


TABLE  C.17 

DEWEY  SQUARE  TUNNEL  SOUTHBOUND  VENT 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 

1989 


Receptor  Receptor 
Intersection       Number   Description      S(fn)     D    Xa(ppm) 


Atlantic/Summer 


Congress/Atlantic 


Essex/Lincoln/ 
Surface 


Kneeland/Surface 
South/Surface 


ASl 

South  Station 

184 

43.8 

.69 

AS2 

Cafe  Area 

230 

51.9 

.58 

AS3 

T  Entrance 

139 

36.6 

.83 

ASA 

T  Entrance 

193 

45.4 

.67 

CAl 

Bus  Terminal 

315 

68.5 

.44 

CA2 

IFR  Furniture 

366 

79.6 

.38 

CA3 

Doorway 

360 

78.2 

.39 

CAA 

Fed  Res  Bank 

336 

72.9 

.42 

ELSl 

Project  Corner 

48 

24.0 

1.27 

ELS2 

Retail  Shop 

83 

28.6 

1.06 

ELS3 

Parking  Lot 

68 

26.6 

1.14 

KSl 

Bus  Stop 

333 

72.3 

.42 

KS2 

Parking  Area 

382 

83.2 

.36 

SSI 

Project  Corner 

31 

22.0 

1.38 

SS2 

Crosswalk 

48 

24.0 

1.27 

SS3 

Artery  Vent 

46 

23.8 

1.28 

SS4 

Bus  Stop 

26 

21.4 

1.42 

"7.      =  30.39  ppm 

V   =  1.0  m/s 

Ve  =  4.8  m/s 

Ae  =  116  m2 

M   =  4.0 


1196/4185h  C-24 


TABLE  C.18 

DEWEY  SQUARE  TUNNEL  SOUTHBOUND  VENT 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 

1989 


Receptor   Receptor 

Intersection       Number   Description  S(m)     D    Xa(ppm) 

Atlantic/Summer      ASl   South  Station  184  56.9  .28 

AS2   Cafe  Area  230  67.5  .24 

AS3   T  Entrance  139  47.6  .34 

AS4   T  Entrance  193  59. Q  .27 

Congress/Atlantic    CAl   Bus  Terminal  315  89.0  .18 

CA2   IFR  Furniture  366  103.5  .16 

CA3   Doorway  360  101.7  .16 

CA4   Fed  Res  Bank  336  94.8  .17 

Essex/Lincoln/       ELSl  Project  Corner  48  31.2  .52 

Surface              ELS2  Retail  Shop  83  37.2  .43 

ELS3  Parking  Lot  68  34.6  .47 

Kneeland/Surface     KSl   Bus  Stop  333  94.0  .17 

KS2   Parking  Area  382  108.2  .15 

South/Surface        SSI   Project  Corner  31  28.6  .57 

552  Crosswalk  48  31.2  .52 

553  Artery  Vent  46  30.9  .52 

554  Bus  Stop  26  27.8  .58 


» 

X  = 

16.18  ppm 

V   = 

1.3  m/s 

Ve  = 

4.8  m/s 

Ae  = 

116  m2 

M   = 

4.0 

1196/4185h  C-25 


TABLE  C.19 

DEWEY  SQUARE  TUNNEL  NORTHBOUND  VENT 

INPUTS  AND  MAXIMUM  1-HOUR  IMPACTS* 

1989 


Intersection 


Atlantic/Summer 


Receptor   Receptor 
Number   Description 


Congress/Atlantic 


Essex/Lincoln/ 
Surface 


Kneeland /Surface 


South/Surface 


ASl  South  Station 

AS2  Cafe  Area 

AS3  T  Entrance 

AS4  T  Entrance 

CAl  Bus  Terminal 

CA2  IFR  Furniture 

CA3  Doorway 

CAA  Fed  Res  Bank 

ELSl  Project  Corner 
ELS2  Retail  Shop 
ELS3  Parking  Lot 

KSl   Bus  Stop 
KS2   Parking  Area 

551  Project  Corner 

552  Crosswalk 

553  Artery  Vent 
SSA  Bus  Stop 


S(m) 


Xa(ppm) 


192 

35.6 

.64 

230 

40.8 

.56 

145 

29.6 

.11 

202 

36.9 

.61 

315 

53.9 

.42 

369 

63.1 

.36 

369 

63.1 

.36 

345 

58.9 

.38 

48 

18.9 

1.20 

54 

19.5 

1.16 

68 

20.9 

1.08 

306 

52.4 

.43 

378 

64.8 

.35 

59 

20.0 

1.13 

68 

20.9 

1.08 

26 

16.8 

1.35 

43 

18.4 

1.23 

X^ 

V 

Ve 
Ae 
M 


22.67  ppm 

1.0  m/s 

6.1  m/s 
116  m2 

4.0 


1196/4185h 


C-26 


TABLE  C.20 

DEWEY  SQUARE  TUNNEL  NORTHBOUND  VENT 

INPUTS  AND  MAXIMUM  8-HOUR  IMPACTS* 

1989 


'    5<   =  12.18  ppm 

V   =  1.3  m/s 

Ve  =  6.1  m/s 

Ae  =  116  m2 

M   =  4.0 


Receptor  Receptor 
Intersection       Number   Description      S(m)     D    Xa(ppm) 

Atlantic/Summer      ASl   South  Station       192    46.3      .26 

.23 
.32 
.25 

Congress/Atlantic    CAl   Bus  Terminal        315    70.1      .17 

.15 
.15 
.16 

Essex/Lincoln/       ELSl  Project  Corner       48     24.6      .49 
Surface  ELS2  Retail  Shop  54    25.3      .48 

.45 

Kneeland/Surface     KSl   Bus  Stop  306    68.1      .18 

.14 

South/Surface        SSI   Project  Corner       39  26.0      .47 

.45 
.56 
.51 


ASl 

South  Station 

192 

46.3 

AS2 

Cafe  Area 

230 

53.0 

AS3 

T  Entrance 

145 

38.5 

AS4 

T  Entrance 

202 

48.0 

CAl 

Bus  Terminal 

315 

70.1 

CA2 

IFR  Furniture 

369 

82.0 

CA3 

Doorway 

369 

82.0 

CA4 

Fed  Res  Bank 

345 

76.6 

ELSl 

Project  Corner 

48 

24.6 

ELS2 

Retail  Shop 

54 

25.3 

ELS3 

Parking  Lot 

68 

27.2 

KSl 

Bus  Stop 

306 

68.  1 

KS2 

Parking  Area 

378 

84.2 

SSI 

Project  Corner 

59 

26.0 

SS2 

Crosswalk 

68 

27.2 

SS3 

Artery  Vent 

26 

21.8 

SS4 

Bus  Stop 

43 

23.9 

1196/4185h  C-27 


MOBILES  1986  -  INTERSECTION  ANALYSIS 

I/M  PROGRAM  SELECTED: 

START  YEAR  (JANUARY  1):  1983 

PRE- 1981  MYR  STRINGENCY  RATE:  13% 

MECHANIC  TRAINING  PROGRAM'':  NO 

FIRST  MODEL  YEAR  COVERED:  1971 

LAST  MODEL  YEAR  COVERED:  1986 

VEHICLE  TYPES  COVERED  LDGV ,  LDGT1 .  LDGT2 

1981  &  LATER  MYR  TEST  TYPE:  IDLE 

1981  &  LATER  MYR  TEST  CUTPOINTS:  1.2%  ICO  /  220  PPM  IHC 

TOTAL  HC  EMISSION  FACTORS  INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS. 


USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS. 

CAL   YEAR 

1986           REGION:  LOW 
1/M  PROGRAM:  YES 
ANTI-TAM  PROGRAM:  NO 

ALTITUDE: 

AMBIENT  TEMP- 

OPERATING  MODE: 

500   FT. 
33  0  (F) 
50.0/10.0/50 

0 

VEH   TYPE 

LDGV   LDGT1   LDGT2    LDGT 

HOGV 

LDDV    LDDT 

HDDV   MC   ALL 

VEH 

VEH   SPD 
VMT  MIX 

12  0    12.0    12.0 
0  657  0. 130   0.090 

12.0 
0.035 

12  0   12  0 
0 . 027   0 . 009 

12  0    12  0 
0 . 044   0  907 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
94.38  150.27  158  42  153.66 

276.51 

2.39    2.85 

22.35   83  54  107 

20 

CAL.  YEAR 

1986           REGION:  LOW 
I/M  PROGRAM:  YES 
ANTI-TAM  PROGRAM-  NO 

ALTITUDE 
AMBIENT  TEMP- 
OPERATING  MODE: 

500   FT. 
33  0  (F) 
50.0  /  10  0  /  56 

0 

VEH   TYPE 

LDGV   LDQT1   LDGT2    LDGT 

HDGV 

LDDV    LOOT 

HDDV   MC   ALL 

VEH 

VEH   SPD 
VMT  MIX 

14.0    14  0    14.0 
0.657  0  130  0  090 

14.0 
0.035 

14.0    14  0 
0 . 027   0 . 069 

14  0    14  0 
0 . 644   0 . 007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
84  52  133  46  138  50  135  53 

240  67 

2.10    2.50 

19  65   71  01   95 

26 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS 


CAL   VEAR 

1986           REGION:  LOW 
I/M  PROGRAM-  YES 
ANTI-TAM   PROGRAM:  NO 

ALTITUDE:   500   FT 
AMBIENT  TEMP     33,0  (F) 
OPERATING  MODE:    50  0  /  10.0  /  50 

0 

VEH   TYPE 

VEH   SPD 
VMT  MIX 

LDGV   LDGT1   LDGT2    LDGT 

HDGV    LDDV    LDDT   HDDV   MC   ALL 

VEH 

17  0    17  0    17.0 
0  657   0 . 130   0 . 090 

17.0    17.0    17  0    17.0    17  0 
0.035   0.027   0  009   0  044   0,007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
72  86  113  82  115.71  114  59 

198  69    1  76    2  09   16  42   58  36   81 

27 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS 

CAL.  YEAR:  1986  REGION:  LOW  ALTITUDE:   500   FT 

I/M  PROGRAM-  YES       AMBIENT  TEMP-    33.0  (F) 
ANTI-TAM   PROGRAM:  NO      OPERATING  MODE:    20  6  /  27.3  /  20.6 

VEH   TYPE:   LDGV   LDGT1   LDGT2    LDGT   HDGV   LDDV    LDDT   HDDV   MC   ALL  VEH 


VEH   SPD 
VMT  MIX 

18  0    18.0    18  0 
0  657   0  130   0.090 

18  0    18  0    18  0 
0 . 035   0 . 027   0  009 

18  0    18  0 
0  044   0  007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
41  43   65  85   67  71   66  62 

187  21    1  45    1  74 

15  53   34  04   49 

44 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS 

CAL.  YEAR 

1986           REGION:  LOW 
I/M  PROGRAM:  YES 
ANTI-TAM   PROGRAM:  NO 

ALTITUDE : 

AMBIENT  TEMP: 

OPERATING  MODE: 

500   FT. 
33  0  (F) 
20.6  /  27.3  /  20 

6 

VEH   TYPE 

LDGV   L0GT1   LDGT2    LDGT 

HDGV    LDDV    LDDT 

HDDV   MC   ALL 

VEH 

VEH   SPD 

VMT  MIX 

25  0    25.0    25,0 
0  657   9.130   0  090 

25  . 0   25  , 0    25  , 0 
0.035   0  027   0  009 

25  0   25 . 0 
0 . 044   0 , 007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
30  16   46  98   47  15   47  05 

131  28    1  03    1  23 

1 1  03   24  50   35 

48 

MOBILES  1989  -  INTERSECTION  ANALYSIS 

I/M  PROGRAM  SELECTED: 

START  YEAR  (JANUARY  1)- 

PRE-1981  MYR  STRINGENCY  RATE: 

MECHANIC  TRAINING  PROGRAM?: 

FIRST  MODEL  YEAR  COVERED: 

LAST  MODEL  YEAR  COVERED: 

VEHICLE  TYPES  COVERED: 

1981  i  LATER  MYR  TEST  TYPE: 

1981  &    LATER  MYR  TEST  CUTPOINTS: 


1983 

13% 

NO 

1974 

1989 

LDGV,  LDGT1,  LDGT2 

IDLE 

1.2%  ICO  /  220  PPM  IHC 


TOTAL  HC  EMISSION  FACTORS  INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS. 


CAL.  YEAR:  1989 


REGION 
I/M  PROGRAM 
ANTI-TAM.  PROGRAM 


LOW 
YES 
NO 


ALTITITOE 

AMBIENT  TEMP 

OPERATING  MODE 


500  FT  , 
33.0  (F) 
50.0  /  10.0  /  50.0 


VEH.  TYPE:   LDGV  L0GT1   LDGT2   LDQT   HDGV   LDOV   LDDT   HDDV   MC   ALL  VEH 


VEH   SPD  : 
VMT  MIX- 


12.0    12.0    12.0 
0.640   0.118   0.086 


12.0    12.0    12.0 
0.041   0.041   0.018 


12.0    12.0 
0 , 049   0 . 007 


COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO:  73.97  119.36  124.35  121.47  148.67 


2.39       2.74      17.79     83.22     79.84 


CAL.  YEAR:  1989 


REGION 
I/M  PROGRAM 
ANTI-TAM   PROGRAM 


LOW 
YES 
NO 


ALTITUDE: 

AMBIENT  TEMP- 

OPERATING  MODE: 


500,  FT, 
33.0  (F) 
50.0  /  10.0  /  50.0 


VEH.  TYPE:   LDGV   LDQT1   LDGT2    LDGT   HDGV    LDDV    LDDT   HDDV   MC   ALL  VEH 


VEH.  SPD. : 
VMT  MIX: 


14.0 
0.640 


14.0    14.0 
0.118  0.086 


14.0 
0.041 


14.0 
0.041 


14.0 
0.018 


14.0    14.0 
0 .  049  0  .  007 


COMPOSITE  EMISSION  FACTORS  (GM/MILE) 
EXHST   CO:  66.75  106.49  109  39  107  71 


129.40        2.10        2.41      15.65      70.73      71.41 


CAL.  YEAR:  1989 


REGION 
I/M  PROGRAM 
ANTI-TAM.  PROGRAM 


LOW 
YES 
NO 


ALTITUDE: 

AMBIENT  TEMP- 

OPERATING  MODE: 


VEH   TYPE:   LDGV   L0GT1   LDGT2    LDGT   HDGV   LDDV 

VEH   SPD.:  17.0    17.0    17.0  17.0    17,0 
VMT  MIX:   0.640   0.118   0.086         0.041   0.041 

COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO:  57  83   91.21   92.01   91  55  106.83 


LDDT 


500.  FT 
33.0  ( 
50.0  / 

HDDV 


F) 
10.0  /  50.0 


MC   ALL  VEH 


17.0    17.0 
0.018   0.049 


17.0 
0.007 


1.76        2.01       13.08      58.11      61.24 


CAL.  YEAR:  1989 


REGION 
I/M  PROGRAM 
ANTI-TAM   PROGRAM 


LOW 
YES 
NO 


ALTITUDE 

AMBIENT  TEMP 

OPERATING  MODE 


500  FT  ^ 
33.0  (F) 
20.6  /  27.3  /  20.6 


VEH   TYPE: LSSU — UD&XA UDCT3 LOST HOSV LDDV LOOT HOOV MC ALU  VEH 


VEH .  SPD . : 
VMT  MIX: 


18.0    18.0    18.0 
0.640   0.118   0.086 


18.0         18.0        18.0        18   0        18.0 
0.041      0.041      0.018      0.049     0.007 


COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO:  32.89   52  88   53.31   53.06  100.66 


1.44        1.67      12.36     33.83     36.93 


CAL.  YEAR:  1989 


REGION 
I/M  PROGRAM 
ANTI-TAM   PROGRAM 


LOW 
YES 
NO 


ALTITUDE 

AMBIENT  TEMP 

OPERATING  MODE 


500.  FT 
33.0  (F) 
20.6  /  27.3 


VEH   TYPE:   LDGV   LDGT1   LDGT2    LDGT   HDGV    LDDV    LDDT    HDDV 

VEH.  SPD.:  25.0   25  0   25.0  25.0   25.0   25.0   25.0   25.0 

VMT  MIX:   0.640   0.118   0.086         0.041   0.041   0.018   0.049   0.007 


/  20.6 
MC    ALL  VEH 


COMPOSITE  EMISSION  FACTORS  (GM/MILE) 
EXHST   CO:  23.96   37.93   37  41   37.71 


70.58    1.03    1  19    8.78   24.32   26.58 


M0BILE3  1986  -  INCLUDES  I/M 

I/M  PROGRAM  SELECTED: 

START  YEAR  (JANUARY  1):  1983 

PRE-1981  MYR  STRINGENCY  RATE:  13% 

MECHANIC  TRAINING  PROGRAM?:  NO 

FIRST  MODEL  YEAR  COVERED:  1971 

LAST  MODEL  YEAR  COVERED:  1986 

VEHICLE  TYPES  COVERED:  LDGV ,  LDGT1 ,  LDGT2 

1981  &  LATER  MYR  TEST  TYPE:  IDLE 

1981  &  LATER  MYR  TEST  CUTPOINTS:  1.2%  ICO  /  220  PPM  IHC 

TOTAL  HC  EMISSION  FACTORS  INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS. 


USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS. 


CAL  YEAR:  1986  REGION 

I/M  PROGRAM 

ANTI-TAH.  PROGRAM 


LOW  ALTITUDE 

YES       AMBIENT  TEMP 
NO      OPERATING  MODE 


500.  FT. 
33.0  (F) 
50.0  /  10.0  /  50.0 


VEH  TYPE:   LDGV  LDGT1   L0GT2   LDGT   HDGV  LDDV  LDDT   HDDV   MC   ALL  VEH 

VEH  SPO  ■   s'o"  's.G*   5.0  5.0  5,0  5.0    5.0    5.0 

VMT  MIX:   0.657   0.130  O.Q90         0.035  0.027  0.009  0.044   0.007 

COMPOSITE  EMISSION  FACTORS  (GM/MILEl 

EXHST   CO: 168  10  278  14  313  04  292  43  481.71  3.98  4.73   37.13  212.04  195.03 


USER  SUPPLIED  VEH -REGISTRATION  DISTRIBUTIONS 


CAL   YEAR-  1986  REGION 

I/M  PROGRAM 

ANTI-TAM   PROGRAM 


LOW  ALTITUDE 

YES       AMBIENT  TEMP 
NO      OPERATING  MODE 


500  FT.^ 
33.0  (F) 
50.0  /  10.0  /  50.0 


VEH  TYPE:   LDGV  LDGT1   LDGT2   LDGT   HDGV  LDDV  LDDT  HDDV   MC   ALL  VEH 

VEH   SPD  ■  10  0    10.0    10  0  10.0  10.0  10.0  10.0    10.0 

VMT  MIX:   0.657   0  130   0.090         0.035  0.027  0.009  0.044   0.007 

COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO:107Q3  172.01  184  49  177  12  320.49  2.74  3.26  25.60  101  88  122.52 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS. 


CAL   YEAR:  1986  REGION 

I/M  PROGRAM 

ANTI-TAM.  PROGRAM 


LOW  ALTITUDE:   500.  FT. 

YES       AMBIENT  TEMP-    33.0  IF) 

NO      OPERATING  MODE-    50.0  /  10.0  /  50.0 


VEH   TYPE:   LDGV   LDGT1   LDGT2    LDGT   HDGV  LDDV    LDDT  HDDV   MC   ALL  VEH 

VEH  SPD  :  li  0    15.0    15,0  15.0  15.0  15.0  15.0  15.0 

VMT  MIX:   0.657   0  130   0.090         0.035  0,027  0,009   0,044   0,007 

COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO   80  30  126.32  130  14  127  88  225  28  1  98    2.36  18  48  66  16   90.18 


USER 

SUPPLIED  VEH 

REGISTRATION  DISTRIBUTIONS 

CAL, 

YEAR: 

1986 

I/M 
ANTI-TAM 

REGION 
PROGRAM 
PROGRAM 

LOW 
YES 
NO 

ALTITUDE : 

AMBIENT  TEMP: 

OPERATING  MODE: 

500 
33 

50 

o^If) 

0  /  10,0 

/  50 

0 

VEH 

TYPE: 

LDGV 

LDGT1 

LDGT2 

LDGT 

HDGV 

LDDV 

LDDT 

HDDV 

MC 

ALL 

VEH 

VEH  SPD  ■  26  0   26.0   26,0  26,0   26,0   26,0  26.0   26.0 

VMT  MIX:   6,657   £,130   0.090         0.035  0,027   0.009  0.044   0,037 

COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO   48  35   73  46   72  34   73,01  125,89    1  13    1  35  10.58   38.08   53.04 


M0BILE3  1989  -  INCLUDES  I/M 

I/M  PROGRAM  SELECTED: 

START  YEAR  (JANUARY  1) ■ 
PRE-1981  MYR  STRINGENCY  RATE: 
MECHANIC  TRAINING  PROGRAM?: 
FIRST  MODEL  YEAR  COVERED: 
LAST  MODEL  YEAR  COVERED: 
VEHICLE  TYPES  COVERED: 
1981  S.  LATER  MYR  TEST  TYPE  • 
1981  &  LATER  MYR  TEST  CUTPOINTS: 


1983 

13% 

NO 

1974 

1989 

LOGV,  LDGT1,  LDGT2 

IDLE 

1.2%  ICO  /  220  PPM  IHC 


TOTAL  HC  EMISSION  FACTORS  INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS. 


I  USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS 
iCAL.  YEAR:  1989 


REGION 
I/M  PROGRAM 
ANTI-TAM.  PROGRAM 


LOW 
YES 
NO 


ALTITUDE 
AMBIENT  TEMP 
OPERATING  MODE 


500.  FT. 
33. Q  (F) 
50.0  /  10.0  /  50.0 


VEH.  TYPE:   LDGV  LDGT1   LDGT2   LDGT   HDGV   LODV   LOOT   HODV   MC   ALL  VEH 


VEH  SPO. 
VMT  MIX 

5,0    5,0    5.0 
0.S46   0,122   0.089 

5.0 
0.035 

5.0    5.0 
0.041   0.018 

5,0    5.0 
0.041   0,007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
114.98  195.10  214  33  203.23 

363  52 

4.01    4  63 

34.07  211.37  133 

27 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS. 

CAL.  YEAR 

1989           REGION:  LOW 

I/M  PROGRAM:  YES 
ANTI-TAM.  PROGRAM:  NO 

ALTITUDE: 

AMBIENT  TEMP: 

OPERATING  MODE: 

500 ,  FT . , 
33.0  (F) 
50.0  /  10.0  /  50 

0 

VEH   TYPE 

LDGV  LDGT1   LDGT2   LDGT 

HDGV 

LDDV    LOOT 

HDDV   MC   ALL 

VEH 

VEH  SPD. 
VMT  MIX 

10.0    10.0    10,0 
9  646  0  122   0  089 

10.0 
0.035 

10.0    10.0 
0,041   0,018 

10.0    10.0 
0.041   0.007 

COMPOSITE 
EXHST  CO 

EMISSION  FACTORS  (GM/MILE) 
81  40  128.91  135.86  131  85 

241  86 

2.77    3  19 

23.49  101.50   90 

88 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS 

CAL,  YEAR 

1989           REGION:  LOW 

I/M  PROGRAM:  YES 
ANTI-TAM   PROGRAM-  NO 

ALTITUDE : 

AMBIENT  TEMP: 

OPERATING  MODE: 

500 ,  FT  , 
33,0  (F) 
50.0  /  10.0  /  50 

0 

VEH   TYPE 

LDGV   LDGT^   LDGT2    LDGT 

HDGV 

LDDV   LDDT 

HDDV    MC    ALL 

VEH 

VEH   SPO 
VMT  MIX 

15,0   15,0   15.0 
6,646   0.122   0.089 

15.0 
Q.035 

15.0    15.0 
0.041   0  018 

15  0    15.0 
0.041   0.007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
62  76   96  61   98  68   97  49 

170.01 

2.00    2.31 

16 .95   65 . 89   68 

46 

USER  SUPPLIED  VEH  REGISTRATION  DISTRIBUTIONS 


CAL   YEAR 

1989           REGION:  LOW 
I/M  PROGRAM:  YES 
ANTI-TAM  PROGRAM:  NO 

ALTITUDE:   500   FT  , 
AMBIENT  TEMP:    33  G  (F) 
OPERATING  MODE:    50.0  /  10.0  /  50 

0 

VEH   TYPE 

LDGV   LDGT1   LDGT2    LDGT 

HDGV    LODV    LDDT   HDDV    MC    ALL 

VEH 

VEH   SPD 
VMT  MIX 

26.0    26  0    26,0 
G,646   0,122   0,089 

26,0    26.0    26.0    26,0    26,0 
0.035   0.041   0.018   0,041   0.007 

COMPOSITE 
EXHST   CO 

EMISSION  FACTORS  (GM/MILE) 
37  65   56.28   55  54   55  97 

95  01    1  14    1  32    9  71   37  85   40 

26 

MOBILES  1986  -  INTERSECTION  ANALYSIS 

I/H  PROGRAM  SELECTED: 

START  YEAR  (JANUARY  1): 

PRE- 1981  MYR  STRINGENCY  RATE: 

MECHANIC  TRAINING  PROGRAM?: 

FIRST  MODEL  YEAR  COVERED: 

LAST  MODEL  YEAR  COVERED: 

VEHICLE  TYPES  COVERED: 

1981  &  LATER  MYR  TEST  TYPE: 

1981  &  LATER  MYR  TEST  CUTPOINTS : 


1983 

13% 

NO 

1971 

1986 

LDGV,  LDGT1,  L0GT2 

IDLE 

1 . 2%  ICO  /  226  PPM  IHC 


TOTAL  HC  EMISSION  FACTORS  INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS 

CAL.  YEAR: 

VEH.  TYPE: 

VEH   SPO 
VMT  MIX 

COMPOSITE 
EXHST   CO 

1986          REGION:  LOW 
I/M  PROGRAM-  YES 
ANTI-TAM   PROGRAM:  NO 

LDGV  LDGT1   LDGT2   LDGT 

ALTITUDE:   500   FT  , 
AMBIENT  TEMP    33  0  (F) 
OPERATING  MODE:    50  0  /  10  0  /  56 

HDGV    LDDV   LDDT    HODV   MC   ALL 

6 
VEH 

26  0   26  e   26  0 
0.658  0  126   0  087 

EMISSION  FACTORS  (GM/MILE) 
47.38   73.25   72.74   73.04 

26.0   26.0   26.0   26.0   26.0 
0.040  6.027  0.010  0.eS3  0.067 

106.95   1.12   1.31   9.17  38.08  51 

46 

CAL   YEAR 

VEH.  TYPE 

VEH  SPD 
VMT  MIX 

COMPOSITE 
EXHST   CO 

1986           REGION:  LOW 
I/M  PROGRAM-  YFS 
ANTI-TAM   PROGRAM:  NO 

LDGV  LDGT1   L0GT2   LDGT 

ALTITUDE:   566   FT 
AMBIENT  TEMP-    33  0  (F) 
OPERATING  MODE:    20.6  /  27  3  /  20 

HDGV   LODV   LOOT   HDOV   MC   ALL 

6 
VEH 

26  . 0   26  . 0    26  . 0 
Q.650   0.126   0.087 

EMISSION  FACTORS  (GM/MILE) 
28.17   44.76   45.24   44.96 

26  0    26.0   26.6   26  6    26. 0 
0.046  6.027   0.610   0.053   0.007 

166  95   6.98   1.15   9  17  23.50  32 

88 

MOBILES   1989  -    INTERSECTION  ANALYSIS 

I/M  PROGRAM  SELECTED? 

START   YEAR    (JANUARY    1):  1983 

PHE-1981   MYR   STRINGENCY   RATE:  13% 

MECHANIC   TRAINING   PROGRAM?:  NO^ 

FIRST   MODEL    YEAR   COVERED:  1974 

LAST   MODEL   YEAR   COVERED:  1989 

VEHICLE   TYPES   COVERED.  LDGV  , 

1981   &   UTER   MYR    TEST   TYPE:  IDLE 

1981   S   UTER   MYR    TEST   OUTPOINTS:  1.2% 


L0GT1.    LDGT2 
ICO   /  220  PPM   IHC 


TOTAL  HC  EMISSION  FACTORS    INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS. 


CAL     YEAR:    1989 


REGION 
I/M   PROGRAM 
ANTI-TAM      PROGRAM 


LOW 
YES 
NO 


ALTITUDE: 

AMBIENT   TEMP- 

OPERATING   MODE: 


B0e      FT. 
33   0    (F) 
50.0   /    10. e   /   50.0 


VEH     TYPE:      LDGV 


VEH     SPO 
VMT  MIX 


26.0 
0.640 


LDGT1 
26.0 


LDGT2        LDGT        HDGV        LDDV        LDDT        HDDV        MC        ALL   VEH 


26  0 
118     0.086 


26.0       26.0 
e.041      0.041 


26.0        26.0        26  0 
0.018      0   049      0  007 


COMPOSITE   EMISSION  FACTORS    (GM/MILE) 
EXHST      CO:    38   45      59.36      58.26      58    89 


67 . 69        1.13         1 . 30        8 . 42      37 . 85      40    16 


CAL.    YEAR:    1989 


REGION 
I/M  PROGRAM 
ANTI-TAM     PROGRAM 


LOW 
YES 
NO 


ALTITUDE 

AMBIENT   TEMP 

OPERATING   MODE 


500      FT. 
33.0    (F) 
20  6  /   27.3   /  20.6 


VEH     TYPE:      LDGV      LDGT1      LDGT2        LDGT        HDGV        LDDV        LDDT        HDDV        MC        ALL   VEH 


VEH  SPO . 
VMT  MIX 


26  . 0   26 . 0   26  . 0 
0.640  0  118   0.086 


26.0 
0.041 


26.0 
0.041 


26   0        26.0        26.0 
0.018      0.049      0.007 


COMPOSITE   EMISSION   FACTORS    (GM/MILE) 
EXHST     CO:    22.90      36.17      35.64      35   95 


67   69        0.98        1.14        8.42      23.32      25.40 


MOBILES  1389  -  QARAQE  ANALYSIS 

I/M  PROGRAM  SELECTED: 

START  YEAR  (JANUARY  1):  1983 

PRE-1981  MYR  STRINGENCY  RATE:  13% 

MECHANIC  TRAINING  PROGRAM?:  NO 

FIRST  MODEL  YEAR  COVERED:  ^9^d 

LAST  MODEL  YEAR  COVERED-  1989 

VEHICLE  TYPES  COVERED-  LDGV ,  LDGT1 .  LDGT2 

1981  S.  LATER  MYR  TEST  TYPE:  IDLE 

1981  S.    LATER  MYR  TEST  CUTPOINTS:  12%  ICO  /  220  PPM  IHC 

TOTAL  HC  EMISSION  FACTORS  INCLUDE  EVAPORATIVE  HC  EMISSION  FACTORS. 

CAL.  YEAR:  1989  REGION-  LOW  ALTITUDE:   500   FT. 

I/M  PROGRAM-  YES       AMBIENT  TEMP-    33.0  (F) 
ANTI-TAM   PROGRAM:  NO      OPERATING  MODE:   106. Q  /   0.0  /100.0 

VEH   TYPE:   LDGV   L0GT1   LDGT2    LDGT   HOGV    LDOV    LDDT   HDOV   MC    ALL  VEH 

VEH  SPO.   15.0   15.6   15.6  15.0   15.0    15.0    15  0"  li'o 

VMT  MIX-   0  646   0.118   6.686         0.641   6.041   6.018   0.049   0.007 

COMPOSITE  EMISSION  FACTORS  IGM/MILE) 

EXHST   C0:128.78  202.59  207.05  204  47  121.12   2.81    3.23   14.71  128  09  130.97 

CAL.  YEAR-  1989  REGION-  LOW  ALTITUDE-   500   FT 

I/M  PROGRAM-  YES       AMBIENT  TEMP-    33.0  (F) 
ANTI-TAM  PROGRAM:  NO      OPERATING  MODE:    56.6  /   6.6  /  50.0 

VEH.  TYPE:   LDGV   LDGT1   LDGT2    LDGT   HDGV   LDDV    LOOT    HDDV    MC    ALL  VEH 

VEH      SPD.:     15.6         15.6         15.0  15.0        15.6         15.0   '    is'i""    15*0 

VMT   MIX:      6.646      6.118      6.086  0.041      0.041      0.018      0.049      0.007 

COMPOSITE  EMISSION  FACTORS  (GM/MILE) 

EXHST   CO:  61  72   98.31  106.05   99.04  121.12    1  89    2  14   14.71   64.21   65.98 


WORKSHEET  1  -  TRAFFIC  INFORMATION 

Intersection AV\rc.-KX-A- r  ^  f^.:.'.    rr  f ^-^■r' 

Case  #  _\ Year  ^'^'^f- 


Roaa  segment  or  intersection  approacn 

identification  ^W-^^Qil/ ^ 

Observea  1-nr  volume  (vph)  ^-S"7  2  %'!  lDi-> lL2!f| 

Observefl  8-rtr  volume  (vpn)  2  M   SIX  JT^.C   -' "0 

Projectea  l-nr  peak  demand  (vpn) 

Projected  8-rtr  peak  demand  (vpn) 

3.  Percentage  cold  starts  Tr/SQ.  !-> 

4.  Percentage  trucks  and  Puses  7i  ^  ,_ , 

5.  Metropplitan  pppulation  , 

6.  Slope ^_ 

7.  Free-flow  parameters 

NumOer  of  lanes  _L_  ^_  _^ .  _2.  __  .3. 

Average  lane  widtri  (ft)  i2 Ii2 

Design  speed  (moh)  AHJLlil 

Hignway  type  (see  Figures  2-5)  Ur  lr!r...v>    ArVt  <-v^ 

8.  Intersection  parameters  \ 

Intersection  designation  ___  ___  ___  ___  __ 

Approacn  .idtn  (ft)  X^ 2L ZL H^ 

Percentage  rignt  turns  _Q_  __  0_  ___  TJ "Zd. 

Percentage  left  turns  l^ ,^ Q     '? 

Type  control  and  description  of  yi^c  f^/^f  '^^H 

signal  controller  (J              f 

Area  source  parameters 

Parking  lot  gate  designation  ^ 

Projected  1-Mr  peak  entrance  demand  (vpn)  ^_ ^_ 

Projected  1-flr  peak  exit  demand  (vph) 

Projected  8-nr  peak  entrance  demand  (vpn)  ^______ 

Projected  8-nr  peak  exit  demand  (vpn) , ^_ 

2 

Parking  lot  area  (m  )  __ 

Parking  lot  capacity  (veh)  

/Running  time  repuired  to  access 
auxiliary  parking  (s)  

Facility  efflptying  time 

Average  cars  per  stall  

Average  area  per  stall  (m  )  


Intersection  _ 
Case  # J_ 


Steo 


Symool 


1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

A 


J 
wa, 


Cs 


i.J 


4.1 
4.2 
4.3 

^l.J 
aoprox  G/Cy 

4.4 

Lmax(v^^jCs^^j) 

4.5 

Cy 

4.6 

2J 

4.7 

GJ/Cy 

4.3 
5 

'^i.J 

5.1 
5.2 

^m*^n 

•^1 

6 

6.1 

^ 

6.2 

Sol 

6.3 

^1 

7 

c, 

A^^ 


WORKSHEET  a  -  CAPACITY  ANALYSIS 


Year 


il£4. 


Inout/Units 


Road  segment  (or  aoproacn)  aeslqnatlon 
Free  flow  capacity  coiToutatlon: 

Numoer  of  lanes 

Adjustment  for  lane  width  (Taole  S-1) 

Adjustment  for  trucks  (Taoie  &-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  phase  identification 

Aoproach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 
Si(X>alized  intersection  green  phase 
and  cycle  length: 

Demand  volume  for  approach  and  phase 

Volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maxiimm  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

(ireen  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Aoproach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity ? C,  . 
J  ■'•'J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


^.\L\^     S£^  ^^   A^ 


-^ 


-Jf\ 


\'h(rh       Z^lO    Z120     232S" 


■Hz. 


^-^  ir 


->/ 


I  BLUME  9  (REVISED)  INDIRECT  SOURCE  SUIDELINE  MODEL  -  WORKSHEET  12 

flICTION:  ATLANTIC  AVENUE/SUMMER  STREET 
:  1  YEAR:  19B6  AVERAGING  TIME:  1-HQUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLDH  EMISSIONS  (G-VEH/M) 

1   NUMEBR  OF  LANES 

3  CAPACITY  SERVICE  VOLUME  (VPH  OF  SREEN) 

4  DEMAND  VOLUME  (VPH) 
.5   SIGNAL  CYCLE  LENGTH  (S) 
.6   GREEN  PHASE  LENGTH  (S) 

7  CAPACITY  (VPH) 

8  PROPORTION  OF  VEHICLES  THAT  STOP 

9  NUM6ER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
'.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 
i.O  LENGTH  OF  BUEUE  (M/LAME) 
1.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

15.  IDLING  EMISSION  RATE  (G/S) 

16.  AVERAGE  EMISSION  RATE  (G/S-M) 

17.  ADJUSTED  E)(CESS  EMISSION  RATE  (G/S-M) 

18.  FREE-FLOW  EMISSION  RATE  (6/S-M) 

1 -I  'i r  ^^|Jlc.^ 


SEL 

SES 

SU 

257. 

381. 

726. 

14 

14 

14 

1.0000 

1.0000 

1.0000 

1 

2 

3 

1330. 

2520. 

2730. 

257. 

381. 

726. 

100. 

32. 

56. 

39. 

426. 

1411. 

1065. 

.843 

.518 

.831 

6.017 

5.486 

16.758 

1.52 

.37 

2.14 

45.25 

17.57 

37.80 

41.55 

12.35 

32.59 

.170 

.170 

.170 

.065 

.065 

,065 

.014 

.013 

,039 

17.5 

17.5 

17.5 

45.2 

35.0 

37.8 

.703 

.257 

1,526 

.0210 

.0138 

.0586 

-.0392 

-.0411 

-.1090 

.0714 

.1058 

.2017 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  tlODEL  -  KORKSHEET  t2 

INTERSECTION:  ATLANTIC  AVENUE/SUHMER  STREET 
CASE  it  1  YEAR:  1986  AVERAGING  TIME:  3 


LINE  1  ROAD  SEGMENT  ID 

LINE  2  DEMAND  VOLUME  (VPH) 

LINE  4  CRUISE  SPEED  (MPH) 

LINE  5  FREE-FLOW  EMISSIONS  (G-VEH/M) 

LINE  4.1  NUMEBR  OF  LANES 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.7  CAPACITY  (VPH) 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  8.0  LENGTH  OF  QUEUE  (M/LANE) 

LINE  9.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (HI 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

LINE  15.  IDLING  EMISSION  RATE  (B/S) 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M) 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

LINE  18.  FREE-FLOH  EMISSION  RATE  (G/S-M) 


SEL 

SE5 

su 

AN 

210. 

312. 

595. 

950. 

18 

18 

18 

18 

.0000 

1.0000 

1.0000 

1.0000 

1 

2 

3 

3 

1900. 

3600. 

3900. 

4750. 

210. 

312. 

595. 

950. 

80. 

21. 

41. 

35. 

24. 

499. 

1845. 

1706. 

1425. 

.829 

.534 

.664 

.875 

3.669 

3.701 

8.776 

18.472 

.73 

.20 

.54 

2.00 

27.58 

11.71 

19.62 

40.94 

29.71 

10.81 

16.06 

29.55 

.140 

.140 

.140 

.140 

.050 

.050 

.050 

.050 

.009 

.009 

.021 

.044 

29.0 

29.0 

29.0 

29.0 

57.9 

57.9 

57.9 

57.9 

.387 

.159 

.523 

1.740 

.0113 

.0071 

.0195 

.0520 

-.0371 

-.0391 

-.0903 

-.1789 

.0583 

.0867 

.1653 

.2639 

Intersection 


v«RK^^EET  1  -  TRAFFIC  INFORWTIQN 


case  #  2^  Year  l19^ 


1.  Roaa  segment  or  Intersection  approacn  ^   ^   ^ 

ioentlflcation  ^'^-^^l-  ±^ .„ 

2.  Observed  l-^ir  voluffle  (vph)  , _________ 

Observed  S-Mr  volume  (voM)  __^ .  __ ,  __ 

Projected  1-nr  peak  dem«nd  (vpn)  ILL -2L'_-ZL.^ U^^ 

Projected  8-nr  peak  demand  (vpn)  "2^73  2i "Z-*  S^S^STi 

3 .  Percentage  cold  starts  ^Qj!?:Qj.  L. 

4.  Percentage  trucks  and  buses  '^'  H ,  ___  ___  ^_  ^__ 

5.  Metropolitan  population ^______ 

6.  Slope  . , 

7.  Free-flow  parameters 

Hsaoes  of   lanes  _/ i^ ^  ^^_ 

Average  lane  width  (ft)  J3 Q~ '^ 'X- 

Design  speed  (mqh)  jJ^Jl^.^^ , 

Hign»ay  type  (see  Figures  2-5)  Uf  hcir^   ^rk-CLj 

8.  Intersection  parameters  ^-' 

Intersection  designation  ^_ 

Aoproacn  »idtn  (ft)  /  3.   24.   34  ^0_ 

Percentage  ri^t  turns  _^ Q. ^.2 1"^ 

Percentage  left  turns  _Z^IZ_  £- Q-^  —i'— 

Type  control  and  description  of  ^  A/a^^.L  -^  rJ 
signal  controller 

9.  Area  source  parameters 

Parking  lot  gate  designation  

Projected  1-Mr  peak  entrance  demand  (vpn)  __^ ^_ ___ 

Projected  1-nr  peak  exit  demand  (vpn)     

Projected  S-nr  peak  entrance  demand  (vph) __^ 

Projected  8-hr  peak  exit  demand  (vpn)     

2 

Parking  lot  area  (m  )  __ 

Parking  lot  capacity  (veh)  

??unning  time  required  to  access 

auxiliary  parking  (s)  __ 

Facility  emptying  time  __ 

Average  cars  per  stall  .^ 

Average  area  per  stall  (m  )  ___ 


Intersection  

Case  »     Z^ 


Steo 


Symool 


1    i 

2 

2.1 

2.2  w 

2.3  T 

2.4  C 
3 

3.1  J 

3.2 

3.3 

3.4 

3.5 

3.6 

i 


1 


•a. 


Cs 


l.J 


4.1 
4.2 
4.3 
4.4 

4.5 
4.6 
4.7 
4.8 

5 

5.1 

5.2 

6 

6.1 

6.2 

6.3 

7 


'i./^i.i^ 


i.J 

i./ 
aporox  G/Cy 


Cy 
GJ/Cy 


m  n 


'1 

soi 


*ORKSHeET  3  -  CAPACITY  ANALYSIS 


year__i^i:£L 


Inout/ units 


RoaQ  segment  (or  aooroacn)  aeslqnatlon  I  I:£LZ^  _^ 
free  flo»  capacity  confutation: 

i^iioer  or  lanes 

Afljustment  for  lane  wlatn  (Taole  B-1) 

Adjustment  for  trucks  (TaOle  a-2) 

Free  flow  capacity 
Signalized  Intersection  capacity: 

Green  signal  onase  loentiricaclon 

Approacn  wiatn  wltn  oarklnq  (ft) 

Percent  rignt  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  voluwa  (vpn  or  green) 


</^ 


AhJ 


Sl(riallz8d  Intersection  green  pnaaa 
and  cycle  lenqtn; 

Oemsnd  volume  for  approacn  and  pfiasa 

volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  tne  inaximuii  V/C  ratios  for 
eacn  signal  onase 

Signal  cycle  time  (sec) 

Green  onase  lengtn 

Green  onase  to  cycle  time  ratio 

Capacity  for  approacn  1  pnase  j 

Two-»ay  stop,  two— y  yield  or 
uncontrolled  intersection: 

Major  street  two-«ay  volume 

Cross  street  capacity 

Four-»ay  stop  intersections: 

Approacn  volums 

Demand  split  on  cross  streets 

Capacity  of  approacn 

Approacn  capacity  j  C^  . 

5.2  for  a  four-xay  stop  or 

6.3  for  a  two-«ay  stop 


_^  B^  _J?^  _/L_  -iL_ 

_s  L_  _^^  _3i2_  ^rc_ 

Q c ?2 c'Z. 


2.,S  M 

6    _7/(Ll 


VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

SECTION:  ATLANTIC  AVENUE/SUMMER  STREET 

\  2  YEAR:  19B9  AVERAGING  TIME:  1-HOUR 

I  ROAD  SEGMENT  ID 

DEMAND  VOLUME  Cv'PH) 

4  CRUISE  SPEED  (MPH) 

5  FREE-FLOS  EMISSIONS  (G-vEH/MI 
i.l  NUMEBR  OF  LANES 

6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

i.4  DEMAND  VOLUME  (VPH) 

i.5  SIGNAL  CYCLE  LENGTH  (S) 

6.6  GREEN  PHASE  LENGTH  (S) 

6.7  CAPACITY  (VPH) 
i.B  PROPORTION  OF  VEHICLES  THAT  STOP 
6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 
3.0  LENGTH  OF  QUEUE  (M/LANE) 

19.0  AVERAGE  E)(CESS  RUNNING  TIME  (S/VEH) 

10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-H) 

11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (6/M-S) 

13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

14.  LENGTH  FOR  EXCESS  EMISSIONS  («) 

15.  IDLING  EMISSION  RATE  (G/S) 

16.  AVERAGE  EMISSION  RATE  (G/S-M) 

17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 
IB.  FREE-FLOW  EMISSION  RATE  (G/S-M) 


SEL 

SES 

SU 

Z6ii. 

3B1. 

726. 

14 

14 

14 

.0000 

1,0000 

1,0000 

3 

3 

3 

1505. 

2625. 

2660. 

36i. 

381. 

726. 

100. 

32. 

56. 

39. 

4B2. 

1470. 

1037, 

.899 

.515 

.839 

9,135 

5,447 

16,920 

3,17 

,35 

2,33 

24,  iO 

11.59 

38,50 

54,22 

12.  IB 

33,68 

,170 

,170 

,170 

.065 

.065 

,065 

.021 

.013 

.040 

17.5 

17.5 

17.5 

35.0 

35.0 

38,5 

1.328 

.252 

1.5B2 

,0486 

,0136 

,0592 

-.0427 

-,0409 

-.1100 

.1017 

,1058 

.2017 

^lir^-1676}^  ?^^^/i 


^1^^ 


EPft  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  »2 


INTERSECTION:  ATLANTIC  AVENUE/SUMMER  STREET 
CASE  t  2  YEAR:  19B9  AVERAGING  TIME:  8-HQUR 


LINE  1 
LINE  2 
LINE  4 
LINE  5 
LINE  4.1 
LINE  6,3 
LINE  6.4 


ROAD  SEGMENT  ID 
DEMAND  VOLUME  (VPH) 
CRUISE  SPEED  (MPH) 
FREE-FLOH  EMISSIONS  (G-VEH/M) 
NUMEBR  OF  LANES 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
DEMAND  VOLUME  tVPH) 
LINE  4.5   SIGNAL  CYCLE  LENGTH  (S) 
LINE  6.4   GREEN  PHASE  LENGTH  (S) 
LINE  4.7   CAPACITY  (VPH) 
LINE  6.8   PROPORTION  OF  VEHICLES  THAT  STOP 
LINE  6.9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
LINE  7.0   AVERAGE  NUMBER  OF  VEHICLES  IN  I3UEUE 
LINE  8.0   LENGTH  OF  QUEUE  (M/LANE) 
LINE  9.0   AVERAGE  EKCESS  RUNNING  TIME  (S/VEH) 
EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 
EMISSIONS  FROM  DECELERATION  (G/VEH-M) 
EMISSION  RATE  FOR  flCC.  AND  DEC.  (G/M-S) 
LENGTH  OF  ACC.  AND  DEC.  (M) 
LENGTH  FOR  EXCESS  EMISSIONS  (M) 
IDLING  EMISSION  RATE  (B/S) 
AVERAGE  EMISSION  RATE  (G/S-M) 
ADJUSTED  EXCESS  EMISSION  RATE  (6/S-M) 
FREE-FLOW  EMISSION  RATE  (6/S-M) 


LINE 

10. 

LINE 

11. 

LINE 

12. 

LINE 

II. 

LINE 

14. 

LINE 

15. 

LINE 

16. 

LINE 

17. 

LINE 

18. 

SEL 

SES 

SH 

AN 

300. 

312. 

595. 

950. 

18 

IB 

IB 

18 

1.0000 

1.0000 

1.0000 

1.0000 

1 

2 

3 

3 

2150. 

3750. 

3800. 

5300. 

300. 

312. 

595. 

950. 

80. 

21. 

41. 

35. 

24. 

564. 

1922. 

1663. 

1590. 

.857 

.532 

.667 

.653 

5.714 

3.687 

8.&1B 

18.005 

1.13 

.19 

.56 

1.48 

41.09 

11.64 

18.75 

38.98 

32.52 

10.73 

16.21 

27.24 

,140 

.140 

.140 

.140 

.050 

.050 

.050 

.050 

.014 

.009 

.021 

.043 

29.0 

29.0 

29.0 

29.0 

57.9 

57.9 

57.9 

57.9 

.612 

.157 

.529 

1.585 

.0174 

.0071 

.0196 

.0487 

-.0541 

-.0390 

-.0906 

-.1763 

.0933 

.0867 

.1653 

.2639 

WORKSHEET  1  -  TRAFFIC  INFORMATION 


Intersection        ATU-tXtvrr^  C- /  <  U  ^AM^,^r  fi-. 
Case  #   '?x     Year  \A''rA 


1.  Roaa  segment  or  intersection  approach  . 

iaentif  icatlon  ^  k_  ^E=^  -S^'^  M^ 

2.  Observed  I-^r  volun«  (vph)  . , ^_ 

Observed  3-f\T   volume  (vph)  , ^_  ^_  ^_ 

Projected  1-flr  peak  demand  (vpn)  Jiitt:^ -2J<_L2^^_/— / 

Projected  a-r\r   peak  demand  (vpn)  ^7-4- J^'-k.-^-SI—'iiP 

3 .  Percentage  cold  starts  _^  Q/.^£_'  i- 

4.  Percentage  trucks  and  buses  ">  »  ''/  __^  ^_  ^_ 

5.  Metropolitan  population .^ . 

6.  Slope , 

7.  Free-flow  parameters 

Mincer  of  lanes  J_        ^  ^ 

Average  lane  width  (ft)  i^ i_L lJ= 

Design  speed  (mph)  dHjU'. 

Highway  type  (see  Figures  2-5)  iJftcrK     A-r  K-<-^/  _ 

8.  Intersection  parameters  1 

Intersection  designation __  ^_  __  ^_  __ 

Approach  width  (ft)  ]Z. 2il ^^  _JC£l 

Percentage  right  turns  _£L £L IlJ^-I^z^ 

Percentage  left  turns  /lO^J         ^  ^i2 i^ 

Type  control  and  description  of  ^  J^f.o  a-i  i/ j -^^  d  

signal  controller  '-' 

9.  Area  source  parameters 

Parking  lot  gate  designation  

Projected  1-hr  peak  entrance  demand  (vph)  ^__ 

Projected  1-hr  peak  exit  demand  (vph)  

Projected  8-hr  peak  entrance  demand  (vph)  

Projected  8-hr  peak  exit  demand  (vph)  

2 

Parking  lot  area  (m  )  

Parking  lot  capacity  (veh)  

i^unning  time  reguired  to  access 

auxiliary  parking  (s)  

Facility  eflctying  time  

Average  cars  per  stall  

2 

Average  area  per  stall  (m  )  


Intersection  _ 
Case  *___2i_ 


Steo 


Synooi 


J 


Cs 


l.J 


1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

A 

4.1 
4.2 
4.3 
4.4 

4.5 
4.6 
4.7 
4.8 
5 

5.1 

5.2  C^ 
6 

6.1  Vj^ 

6.2  Spi 

6.3  C, 


"i.J 
aoprox  G/Cy 

cy 
GJ 

GJ/Cy 


m     n 


WORKSHEET  8  -  CAPACITY  ANALYSIS 


Year 


Input/ units 


Road  segment  (or  approach)  designation 
Free  flow  capacity  computation: 

Nuffoer  of  lanes 

Aojustmcnt  for  lane  width  (TaDle  8-1) 

Adjustment  for  trucks  (TaPle  &-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  pnase  identification 

Approacn  widtn  witn  parking  (ft) 

Percent  rignt  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 
Sicyvalized  intersection  green  phase 
and  cycle  length: 

Demand  volume  for  approach  and  pnasa 

volume  to  green  capacity  ratio 

Approximate  G/Cy 

■  Sum  of  the  maximum  V/C  ratios  for 
each  signal  pnase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for. approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  j  G^^  . 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


££J^£ 


SiAj  AW 


7__ 


n 


_^-L-J&^_4 Cl 


'  ^   ^ 


OLUNE  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

ECTION:  ATLANTIC  ftVENUE/SUNHER  STREET 

3  YEAR:  1989  AVERAGING  TIME:  1-HOUR 

ROAD  SEGMENT  ID 
DEMAND  VOLUME  (VPH) 
CRUISE  SPEED  (MPH) 
FREE-FLOH  EMISSIONS  (G-VEH/M) 
1   NUNEBR  OF  LANES 
^.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  SREEN) 

4  DEMAND  VOLUME  (VPH) 
.5   SIGNAL  CYCLE  LENGTH  (S) 

(U  GREEN  PHASE  LENGTH  (S) 

li.7  CAPACITY  (VPH) 

Ib.B  PROPORTION  OF  VEHICLES  THAT  STOP 

li.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

17.0  AVERAGE  NUMBER  OF  VEHICLES  IN  I3UEUE 

13.0  LENGTH  OF  QUEUE  (M/LANE) 

19,0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

110.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

111.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

12.  ErtlSSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

15.  IDLING  EMISSION  RATE  (G/3) 
lb.  AVERAGE  EMISSION  RATE  (G/S-M) 
17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 
IB.  FREE-FLOW  EMISSION  RATE  (G/S-M) 


SEL 

SES 

SU 

304. 

381. 

726. 

14 

14 

14 

1.0000 

1.0000 

1.0000 

7 

3 

3 

1505. 

2625. 

2660. 

304. 

381. 

726. 

100. 

32. 

56. 

39. 

482. 

1470. 

1037. 

.852 

.515 

.839 

7.196 

5.447 

16.920 

1.71 

,35 

2.33 

17.81 

11.59 

38.50 

41.77 

12.18 

33.66 

.170 

.170 

.170 

.065 

.065 

.065 

.017 

.013 

.040 

17.5 

17.5 

17.5 

35.0 

35.0 

38.5 

.836 

.252 

1,582 

.0323 

.0136 

.0592 

-.0397 

-.0409 

-.1100 

.0844 

.1058 

.2017 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

INTERSECTION:  ATLANTIC  AVENUE/SUMMER  STREET 
CASE  i  3  YEAR:  1989  AVERAGING  TIME:  8-HOUR 

LINE  1    ROAD  SEGMENT  ID 

LINE  2    DEMAND  VOLUME  (VPH) 

LINE  4    CRUISE  SPEED  IMPH)   ■ 

LINE  5    FREE-FLOH  EMISSIONS  (G-VEH/M) 

LINE  6.1   NUMEBR  OF  LANES 

LINE  6.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4   DEMAND  VOLUME  (VPH) 

LINE  6,5   SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6   GREEN  PHASE  LENGTH  (S) 

LINE  6.7   CAPACITY  (VPH) 

LINE  6.9   PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6,9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

0   AVERAGE  NUMBER  OF  VEHICLES  IN  GUEUE 

LENGTH  OF  OUEUE  (M/LANE) 
0   AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (B/VEH-M) 

EMISSIONS  FROM  DECELERATION  (B/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (G/S) 

AVERAGE  EMISSION  RATE  (G/S-M) 

ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

FREE-FLOW  EMISSION  RATE  (G/S-M) 


LINE 

7.C 

LINE  3.1 

LINE 

9.0 

LINE 

10. 

LINE 

11. 

LINE 

12, 

LINE 

13. 

LINE 

14. 

LINE 

15. 

LINE 

16. 

LINE 

17. 

LINE 

IB. 

SEL 

SES 

SU 

AN 

249. 

312. 

595. 

950. 

IB 

18 

18 

18 

1.0000 

1.0000 

1.0000 

1.0000 

T 

3 

3 

3 

2150. 

3750. 

3800. 

5300. 

249. 

312. 

595. 

950. 

80. 

21. 

41. 

35. 

24. 

564. 

1922. 

1663. 

1590. 

.B34 

.532 

,667 

.853 

4.615 

3.687 

8.819 

18.005 

.79 

.19 

.56 

1.48 

10.81 

7.76 

18.75 

38.98 

29.64 

10.73 

16.21 

27.24 

.140 

.140 

.140 

.140 

.050 

.050 

.050 

.050 

.011 

.009 

.021 

.043 

29.0 

29.0 

29,0 

29.0 

57.9 

57.9 

57.9 

57.9 

.45B 

.157 

.529 

1.585 

.0134 

.0071 

,0196 

.0487 

.0443 

-.0390 

-.0906 

-.1763 

.0692 

.0867 

.1653 

.2639 

Intersection  

Case  #    /       Year 


WORKSHEET  1  -  TRAFFIC  INFORMATION 


1. 


Road  segrwsnt  or  intersection  approacn  ^^^        ^           h\t    ( ^j/' 

identification  l^£i^_i*tiu j^j.  — -^ 

2.  Observed  1-nr  volume  (vph)  g.->_642_J'2±^^^^ 

Observed  8-nr  volume  (vph)  Ja^^-^J^^ ^Q^Z-S2^ 

Projected  l-fir  peak  demand  (vpn)  . 

Projected  8-Mr  peak  demand  (vph)  __  _^ .— 

3 .  Percentage  cold  starts    (\  V^  r/%  W)  SSU^Q^ > ■ 

4.  Percentage  trucks  and  buses  JJ.  '-J. .  — . — ■ 

5.  Metropolitan  population  >  — 

6.  Slope  

7.  Free-flow  parameters 

Number  of  lanes 
Average  lane  width  (ft) 
Design  speed  (mph) 

Highway  type  (see  Figures  2-5)  

a.   Intersection  parameters 

Intersection  designation  —  — . -— 

Approach  width  (ft)  25.-2^ ^ — S^ 

Percentage  right  turns  L- . -L 1'^— 

Percentage  left  turns  J^ \-^ x- 


Type  control  and  description  of 

signal  controller 

Area  source  parameters 

Parking  lot  gate  designation 

Projected  1-hr  peak  entrance  demand  (vph) 

Projected  1-hr  peak  exit  demand  (vph) 

Projected  8-rtr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand  (vph) 

Parking  lot  area  (m  ) 

Parking  lot  capacity  (veh) 

l^unning  time  required  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 

Average  cars  per  stall 

Average  area  per  stall  (m  ) 


0 


Intersection  _ 
Case  »         -^ 


WORKSHEET  B  -  CAPACITY  ANALYSIS 

r:h?^r  ,^(^ss  /  A  TLA  tunc 

Year  /9  i>^ 


Steo 


Sytiool 


1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4 

4.1 
4.2 
4.3 


J 

wa, 


Cs 


l.J 


'i.J 
approx  G/Cy 


^./^=1.J^ 


4.4 

:n,ax(V,^jCs,^j) 

4.5 

Cy 

4.6 

GJ 

4.7 

GJ/Cy 

4.8 
5 

^i.J 

5.1 
5.2 

6 

6.1 

V, 

6.2  Spi 

6.3  C, 


Input/ units 


Roaa  segment  (or  approach)  designation 
Free  flow  capacity  computation: 

Number  of  lanes 

Adjustment  for  lane  wioth  (TaDle  3-1) 

Adjustment  for  trucks  (Table  B-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  phase  identification 

Approach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 
Signalized  intersection  green  phase 
and  cycle  length: 

Demand  volume  for  approach  and  phase 

Volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  intersection" 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity ? C,  . 
J  ■'■'J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


r 


C£l     CLU     hhJ     Cm/ 


•2-:? 


e c .^_ 

^__i: 7 LOU 


2  ISO  ' 


ZlCO 


11 

T 

E 


XL, 

T 
c 


OLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  »2 


"JeCTION:  congress  STREET/ATLANTIC  AVENUE 
r  !  YEAR:  19B6  AVERAGING  TIME:  1-HQUR 

;    ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOW  EMISSIONS  (G-VEH/M) 

.1   NUMEBR  OF  LANES 

.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

.4   DEMAND  VOLUME  (VPH) 

.5   SIGNAL  CYCLE  LENGTH  (S) 

.i   GREEN  PHASE  LENGTH  (S) 

.7   CAPACITY  !VPH) 

i^.8   PROPORTION  OF  VEHICLES  THAT  STOP 

||L9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

-.•)      AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  OUEUE  (H/LANE) 

19.0   AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

110.   EMISSIONS  FROM  ACCELERATION  (G/VEH-MI 

dll.   EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S! 

ilZ.      LENGTH  OF  ACC.  AND  DEC.  (Ml 

14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

15.  IDLING  EMISSION  RATE  (S/S) 

16.  AVERAGE  EMISSION  RATE  (G/S-H) 

17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

18.  FREE-FLOH  EMISSION  RATE  (S/S-M) 


CES 

CEL 

AN 

CU 

673. 

663. 

1262. 

640. 

17 

17 

17 

17 

1.0000 

1.0000 

1.0000 

1.0000 

2 

n 

3 

2 

3150. 

3420. 

4860. 

2430. 

673. 

663. 

1262. 

640. 

SO. 

53. 

25. 

27. 

28. 

20B7. 

1069. 

1640. 

851. 

.429 

.353 

.895 

.882 

6.419 

12.565 

25.096 

12.550 

.48 

1.63 

3.34 

3.04 

20.66 

42.60 

56.87 

46.77 

6.62 

28.96 

31.04 

35.81 

.150 

.150 

.150 

.150 

.055 

.055 

.055 

.055 

.016 

.032 

.064 

.032 

25.8 

25.  B 

25.8 

25.3 

51.7 

51.7 

56.9 

51.7 

.153 

1.196 

2.461 

1.464 

.0112 

.0392 

.0725 

.0444 

-.0691 

-.1178 

-.2412 

-.1125 

.1869 

.1842 

.3506 

.1773 

L 


EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

INTERSECTION:  CONGRESS  STREET/ATLANTIC  AVENUE 

CASE  *  1  YEAR:  1986  AVERAGING  TIME:  8-HOUR 

LINE  1  ROAD  SEGMENT  ID  CES  CEL  AN  CM 

LINE  2  DEMAND  VOLUME  (VPH)  552.  544.  1035.  525. 

LINE  4  CRUISE  SPEED  (MPH)  25  25  25  25 

LINE  5  FREE-FLOK  EMISSIONS  (G-VEH/M)  1.0000  1.0000  1.0000  1.0000 

LINE  6.1  NUHEBR  OF  LANES  2  2  3 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN)  3500.  3B00.  5400.  2700. 

LINE  6.4  DEMAND  VOLUME  (VPH)  552.  544.  1035.  525. 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S!  80. 

LINE  i.6  GREEN  PHASE  LENGTH  (S)  53,  25.  27.  28. 

LINE  6.7  CAPACITY  (VPH)  2319.  1188.  1823.  945. 

LINE  i.S  PROPORTION  OF  VEHICLES  THAT  STOP  .401  .802  .820  .607 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE  4.915  9.700  18.851  9.414 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE  .31  .85  1.31  1.25 

LINE  8.0  LENGTH  OF  QUEUE  (M/LANE)  15.68  31.64  40.33  31.99 

LINE  9.0  AVERAGE  EKCESS  RUNNING  TIME  (S/VEH)  5.89  24.63  24.32  25.74 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M)  .111  .111  .m  .m 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-H)  .038  .038  .038  .038 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S)  .009  .018  .035  .018 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M)  55.9  55.9  55.9  55.9 

LINE  14.  LENGTH  FOR  EKCESS  EMISSIONS  (M)  111.8  111.8  111.8  111.8 

LINE  15.  IDLING  EMISSION  RATE  (G/S)  .035  .753  1.410  .768 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M)  .0049  .0158  .0302  .0156 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M)  -.0566  -.1055  -.2055  -.1020 

LINE  18.  FREE-FLOH  EMISSION  RATE  (G/S-M)  ,1533  .1511  .2875  .1458 


WORKanEET  1  -  TRAFFIC  INFORMATION 


Intersection  _ 

Case  #   S^     Year  /'i^^    '^ 


rr^ir^cz^^  y^ri-i^Ajri  c^ 


1. 

Roao  segment  or  intersection  aoproacn 
identification 

C£S   (:£L.  A\J       cm/ 

2. 

Observed  1-nr  volume  (vph) 
Observed  8-fir  volume  (vol) 

3. 

4. 

Projected  1-nr  peak  demand  (vpn) 
Projected  a-nr  peak  demand  (vph) 
Percentage  cold  starts 
Percentage  trucks  and  buses 

423  "H^UllJ     ^izC 

5. 

Metropolitan  population 

6. 

Slope 

7. 

Free-flow  parameters 
lumber  of  lanes 

-2^          -Z^          3          ^ 

Average  lane  widtfi  (ft) 

Design  speed  (mph) 

Highway  type  (see  Figures  2-5) 

l]J,l£ 

8. 

Intersection  parameters 

9. 

Intersection  designation 
Approacfi  widtn  (ft) 
Percentage  ri^t  turns 
Percentage  left  turns 
Type  control  and  description  of 
signal  controller 
Area  source  parameters 

.2 2. £ '^ 

* 

Parking  lot  gate  designation 

Projected  l-'ir  peak  entrance  demand  (vph) 

Projected  1-Mr  peak  exit  demand  (vph) 

Projected  8-hr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand  (vph) 

Parking  lot  area  (m  ) 

Parking  lot  capacity  (veh) 

.Running  time  reouired  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 



Average  cars  per  stall 

Average  area  per  stall  (m  ) 

— 

Intersection  _ 
Case  # 2. 


WORKSHEET  8  -  CAPftCITY  ANALYSIS 


step 


Symooi 


1    i 
2 

2.1  M 

2.2  w 

2.3  T 

2.4  C 
3 

3.1  J 

3.2 

3.3 

3.4 

3.5 

3.6 

4 


wa, 


Cs 


l.J 


4.1 
4.2 
4.3 

4.4 

4.5 
4.6 

4.7 
4.3 
5 

5.1 

5.2  C^ 
6 

6.1  V^ 

6.2  Spi 

6.3  C, 


aoprox  G/Cy 
En,ax(v^^jCs,^j) 

Cy 
GJ/Cy 


tn  n 


Year 


Zli^ 


r 


Input/ units 


RoaO  segment  (or  approach)  designation 
Free  flow  capacity  computation: 

NufflOer  of  lanes 

Apjustment  for  lane  width  (TaPle  B-1) 

Aojustment  for  trucks  (Table  S-2) 

Free  flow  capacity 
Siqnalizefl  intersection  capacity: 

Green  signal  phase  laentiflcation 

Approach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volune  (vph  or  green) 
Sionalizeo  intersection  green  phase 
ano  cycle  length: 

Oefnand  voluiie  for  approach  and  phase 

volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yielO  or 
uncontrollea  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity r C,  . 
J  •'••J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


C^^^     C^L        KKJ      C^U 


_C Q. L Wll 

o         n    Q Q_ 

2^^ 


Ji. 


I>\'^ 


lloo 


2.100 
'  T-Hlo 


DLUtlE  9  (REVISED)  INDIRECT  SOURCE  6U1DELJNE  HODEL  -  WORKSHEET  »2 

iECTION:  CONGRESS  STREET/ATLANTIC  AVENUE 
2  YEAR:  1989  AVERA61NG  TIME:  1-HQUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOH  EMISSIONS  (G-VEH/M) 

.1   NUMEBR  OF  LANES 

.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

.4   DEMAND  VOLUME  (VPH) 

.5   SIGNAL  CYCLE  LENGTH  (S) 

.6   GREEN  PHASE  LENGTH  (S) 

i.7   CAPACITY  (VPH) 

i.8   PROPORTION  OF  VEHICLES  THAT  STOP 

b.9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE    6.419  20.038  28.116  12.550 

7.0   AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE        .48   7.85   5.09   3.04 

5.0   LENGTH  OF  QUEUE  I M/ LANE) 

9.0   AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

11.  EMISSIONS  FROM  DECELERATION  (G/VEH-MI 

12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (S/M-S) 

13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

14.  LENGTH  FOR  EXCESS  EMISSIONS  (Ml 
5.   IDLING  EMISSION  RATE  (6/S) 
t.      AVERAGE  EMISSION  RATE  (G/S-M) 

17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

18.  FREE-FLOH  EMISSION  RATE  (G/S-M) 


CES 

CEL 

AN 

CU 

673. 

948. 

1371. 

640. 

17 

17 

17 

17 

.0000 

1.0000 

1.0000 

1.0000 

2 

2 

3 

2 

3150. 

3420. 

4860. 

2430. 

673. 

948. 

1371. 

640. 

80. 

S3. 

25. 

27. 

28. 

2067. 

1069. 

1640. 

851. 

.429 

.951 

.923 

.862 

20.68 

83.67 

66.41 

46.77 

6.62 

52.60 

35.63 

35.81 

.150 

.150 

.150 

.150 

.055 

.055 

.055 

.055 

.016 

.051 

.072 

.032 

25.8 

25.8 

25.8 

25. B 

51.7 

83.7 

66.4 

51.7 

.153 

3.291 

3.118 

1.464 

.0112 

.0552 

.0750 

.0444 

-.0691 

-.1953 

-.2765 

-.1125 

.1869 

.2633 

.3808 

.1778 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 


INTERSECTION:  CONGRESS  STREET/ATLANTIC  AVENUE 
CASE  t  2  fEAR:  1989  AVERAGING  TIME:  B-HQUR 


ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOM  EMISSIONS  (G-VEH/M) 

NUMEBR  OF  LANES 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

DEMAND  VOLUME  (VPH) 

SIGNAL  CYCLE  LENGTH  (S) 

GREEN  PHASE  LENGTH  (S) 

CAPACITY  (VPH) 

PROPORTION  OF  VEHICLES  THAT  STOP 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  QUEUE  (M/LANEJ 

AVERAGE  E)iCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (6/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (G/S) 

AVERAGE  EMISSION  RATE  (G/S-H) 

ADJUSTED  £)(CESS  EMISSION  RATE  (G/S-M) 

FREE-FLOW  EMISSION  RATE  (G/S-M) 


LINE  1 

LINE  2 

LINE  4 

LINE  5 

LINE  i.l 

LINE  6.3 

LINE  6.4 

LINE  6.5 

LINE  6.6 

LINE  6.7 

LINE  6.8 

LINE  6.9 

LINE  7.0 

LINE  9.C 

LINE  9.0 

LINE  10. 

LINE  11. 

LINE  12. 

LINE  13. 

LINE  14. 

LINE  15. 

LINE  16. 

LINE  17. 

LINE  18. 

CES 

CEL 

AN 

CW 

552. 

777. 

1124. 

525. 

25 

25 

25 

25 

1.0000 

1,0000 

1.0000 

1.0000 

a 

3 

n 

3500. 

3800. 

5400. 

2700. 

552. 

777. 

1124. 

525. 

80. 

53. 

25. 

LI  . 

28. 

2319. 

1188. 

1823. 

945. 

.401 

.364 

.837 

.807 

4.915 

14.922 

20.893 

9.414 

.31 

1.89 

1.61 

1.25 

15.6B 

50.44 

45.01 

31.99 

5.89 

29.50 

25.35 

25.74 

.111 

.111 

.111 

.111 

.038 

.038 

.038 

.035 

.009 

.028 

.039 

.013 

55.9 

55.9 

55.9 

55.9 

111.8 

111.8 

111. 8 

111.8 

.035 

1.343 

1.614 

.768 

.0049 

.0259 

.0339 

,0156 

-.0566 

-.1606 

-.2273 

-.1020 

.1533 

.2158 

.3122 

.1458 

Intersection 


Case  #   3      Year  /^^^ 


WORKSHEET  1  -  TRAFFIC  INFORMATION 


1. 

2. 

3. 
4. 
5. 
6. 

7. 

8. 
9. 

Roaa  segment  or  intersection  approach 
identification 

Observed  l-fir  voiume  (vph) 

Observed  8-Mr  voiume  (vph) 

Projected  1-nr  peak  demand  (vph) 

Projected  8-nr  peak  demand  (vph) 

Percentage  coid  starts 

Percentage  trucks  and  buses 

Metropoiitan  population 

Slope 

Free-flow  parameters 

Nuntier  of  lanes 

Average  lane  width  (ft) 

Design  speed  (inph) 

Highway  type  (see  Figures  2-5) 
Intersection  oarameters 

Intersection  designation 

Approach  width  (ft) 

Percentage  right  turns 

Percentage  left  turns 

Type  control  and  description  of 
signal  controller 
Area  source  parameters 

Parking  lot  gate  designation 

Projected  1-hr  peak  entrance  demand  (vph) 

Projected  1-hr  peak  exit  demand  (vph) 

Projected  8-hr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand  (vph) 

Parking  lot  area  (m  ) 

Parking  lot  capacity  (veh) 

r^unning  time  required  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 

Average  cars  per  stall 

Average  area  per  stall  (m  ) 

r,f<;  CEU      MJ 

_Oa/ 

(^  ny  '^L 

^^    777    ^P?."^ 

dLl 

2- 

Z£      Q(^       ^0 

O          O            1 

<3 





— 

WORKSHEET  B  -  CAPACITY  ANALYSIS 


Intersection 


^f/y  //•  xpg  £>;  7  At  (-a lUT  /  c 


Case  * 


Year 


J32£L 


Steo 


Syiiooi 


1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4 


J 
wa, 


Cs 


l.J 


4.1 

4.2 

4.3  approx  G/Cy 

4.4 


4.5 
4.6 
4.7 
4.3 
5 

5.1 

5.2  C^ 
6 

6.1  Vj^ 

6.2  Sol 

6.3  C^ 


£max(V^^jCs^^j 

cy 

GJ/Cy 


m  n 


Input/ units 


RoaO  segment  (or  approach)  designation  ; 
Free  flow  capacity  computation: 

Nuifder  of  lanes 

Aojustment  for  lane  wiath  (Taole  8-1) 

Adjustment  for  trucks  (TaPle  B-2)  ■ 

Free  flow  capacity 
Slqnalizeq  intersection  capacity; 

Green  signal  phase  ioentlfication 

Approacn  widtn  witn  parking  (ft) 

Percent  rignt  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  voluw  (vph  or  green) 

Sicyalized  intersection  green  pnasg 
and  cycle  lenqtM: 

Demand  Volume  for  approach  and  phase 

volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  1  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections; 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  IC.    . 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


CE^^    C£i^      AU     nuJ 


M 2 Q ^_ 

^-^     ^'5L-  ^C^  -3JJ- 


_£?__  _P__  _7_  ^4:2. 


^oo_ _J.goo      5Voo    xnno 

315-0        5V^        Hi<^0      5^^30 


OLUME  9  (REVISED)  INDIRECT  SOURCE  6U1DEL1NE  MODEL  -  WORKSHEET  12 

ECTIDN:  CONGRESS  STREET/ATLANTIC  AVENUE 
3  YEAR:  1989  AVERAGINB  TIME:  1-HOUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOW  EMISSIONS  (G-VEH/H) 

;[.i   NUMEBR  OF  LANES 

..3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

1 

i.4  DEMAND  VOLUME  (VPH) 

^,.5  SIGNAL  CYCLE  LENGTH  (S) 

Li,  GREEN  PHASE  LENGTH  (S) 

7  CAPACITY  (VPH) 

S  PROPORTION  OF  VEHICLES  THAT  STOP 

L?  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

3.0  LENGTH  OF  QUEUE  (M/LANE) 

?.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

11.  EMISSIONS  FROM  DECELERATION  (6/VEH-M) 

12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

13.  LENGTH  OF  ACC,  AND  DEC.  (Ml 
!4.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 
15,  IDLING  EMISSION  RATE  (G/S) 
lb.  AVERAGE  EMISSION  RATE  (G/S-M) 
17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 
IB.  FREE-FLOW  EMISSION  RATE  (G/S-M) 


CES 

CEL 

AN 

CM 

673. 

948. 

1309. 

640. 

17 

17 

17 

17 

.0000 

1.0000 

1.0000 

1.0000 

2 

2 

3 

2 

3150. 

3420. 

4860. 

2430. 

673. 

949. 

1309. 

640. 

eo. 

53. 

25. 

27. 

28. 

2087. 

1069. 

1640. 

B51. 

.429 

.951 

.907 

.882 

6.419 

20.038 

26.375 

12,550 

.48 

7.B5 

3.95 

3.04 

20.68 

B3.67 

60.65 

46.77 

6.62 

52,60 

32.70 

35.81 

.150 

,150 

.150 

.150 

.055 

.055 

.055 

.055 

.016 

.051 

.068 

.032 

25.8 

25.8 

25,8 

25. B 

51.7 

83.7 

60.7 

51.7 

.153 

3.291 

2.706 

1.464 

.0112 

.0552 

.0734 

.0444 

-.0691 

-.1953 

-.2563 

-.1125 

.1869 

.2633 

.3636 

.1778 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  #2 

INTERSECTION:  CDNBRESS  STREET/ATLANTIC  AVENUE 

CASE  «  3  YEAR:  1989  AVERAGING  TIME:  8-HOUR 

LINE  1  flOAD  SEGMENT  ID 

LINE  2  DEMAND  VOLUME  (VPH) 

LINE  4  CRUISE  SPEED  (MPH) 

LINE  5  FREE-FLOM  EMISSIONS  (8-VEH/M) 

LINE  6.1  NUMEBR  OF  LANES 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6,7  CAPACITY  (VPH) 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  8.0  LENGTH  OF  QUEUE  (M/LANE) 

LINE  9.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

LINE  15.   IDLING  EMISSION  RATE  (G/S) 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M) 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

LINE  18.   FREE-FLOH  EMISSION  RATE  (G/S-M) 


CES 

CEL 

AN 

CM 

552. 

777. 

1073. 

525. 

25 

25 

25 

25 

..0000 

1.0000 

1.0000 

1.0000 

L 

2 

7 

n 

3500. 

3800. 

5400. 

2700. 

552. 

777. 

1073. 

525. 

BO. 

53. 

25. 

27. 

28. 

2319. 

1188. 

1823. 

945. 

.401 

.864 

.827 

.807 

4.915 

14.922 

19.714 

9.414 

.31 

1.89 

1.43 

1.25 

15.68 

50.44 

42.29 

31.99 

5.89 

29.50 

24.74 

25.74 

.111 

.111 

.111 

.111 

.038 

.038 

.038 

.038 

.009 

.028 

,037 

.018 

55.9 

55.9 

55.9 

55.9 

lU.B 

111.8 

111.8 

111.8 

.035 

1.343 

1.494 

.768 

.0049 

.0259 

.0317 

.0156 

-.0566 

-.1606 

-.2147 

-.1020 

.1533 

.2158 

.2981 

.1458 

wORK^^eET  1   -  TRAFFIC   INFORMATION 


Intersection 
Case  #   t 


year  I  ^^A 


1.   Road  segment  or  intersection  approacn 

identification  £E^_i"£>-J:bLS  _^ 

Observed  l-ftr  volume  (vph)  ;Z^  ^^^7  gCTV    9rl^   ZZ6 

Observed  8-ftr  volume  ( vph)  )  Q.   -7.'^'^  _^  ^  Mi^^l 

Projected  1-fir  peak  demand  (vpn)  , , 

Projected  a-^r  peak  demand  (vpn) , 

3.  Percentage  cold  starts  j^^*^ . . ., 

4.  Percentage  trucks  and  buses  1  ■  'J , 

5.  Metropolitan  population  . , . 

6.  Slope  

7.  Free-flow  parameters 

Number  of  lanes  _i_ 3 ^ Y 3_ 

Average  lane  «»idtn  (ft)  IjL        I L        IL      1I2 H. 

Design  speed  (mph)  XL/l^ 

Hignway  type  (see  Figures  2-5)  Ur  bav^  )V4rL-/->-^  , 

8.  Intersection  parameters 

Intersecticn  designation  ___ ^_ 

Approacn  widtn  (ft)  /A   ^ff     ^"2.  -^7.  '?"'' 

Percentage  rig^t  turns  ^ ^2-  ^ 2__^ 

Percentage  left  turns  JiTV      J           O €_  ^ 

Type  control  and  description  of  ^I^ia  ni<^i^-i.<  n 

signal  controller  ^            ^ 

Area  source  parameters 

Parking  lot  gate  designation  

Projected  l-hr  peak  entrance  detwnd  (vpn) , 

Projected  1-nr  peak  exit  demand  (vph) , 

Projected  8-nr  peak  entrance  demand  (vpn)  ___ ^_  __  ^_ 

Projected  8-nr  peak  exit  demand  (vpn)  

2 

Parking  lot  area  (m  )  _^ 

Parking  lot  capacity  (ven)  __ 

f^unning  time  required  to  access 

auxiliary  parking  (s)  __ 

Facility  emotying  time  __ 

Average  cars  per  stall  .^ 

2 

Average  area  per  stall  (m  )  .^ 


WORKSHEET  8   -  CAPflCITY  ANALYSIS 


Intersection  _ 
Case  *  I 


^ci.Fv   <irrf2£^r  /u^hirrr^u   cT/suQ\-f^r.    Aerg/^'^ 


step 


Symool 


1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

A 

4.1 
4.2 
4.3 

4.4 

4.5 
4.6 
4.7 
4.3 
5 

5.1 
5.2 
6 
6.1 


J 


Cs 


l.J 


aoorox  G/Cy 
:n,ax(V^^jCSi^j 

Cy 
GJ 
GJ/Cy 


fn  n 


'1 


6.2  Sol 

6.3  C^ 

7    C, 


Year 


l^TL. 


iPDut/ units 


RoaO  segment  (or  aoproach)  designation 
Free  flow  capacity  computation: 

Nuitoer  oC  lanes 

Afljustment  for  lane  wiath  (Taple  a-1) 

Afljustment  for  trucks  (Table  B-2) 

Free  flow  capacity 
Slqnallzefl  Intersection  capacity: 

Green  signal  pnase  iaentiflcation 

Approacn  wiatn  witn  parking  (ft) 

Percent  rignt  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  voluiw  (vpn  or  green) 
Sl(y>alized  Intersection  green  pnase 
ana  cycle  length: 

Detrand  volume  for  approacn  ana  pnase 

volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  trie  maxiiriw  v/C  ratios  for 
eacn  signal  pnase 

Signal  cycle  time  (sec) 

Green  pnase  lengtn 

Green  pnase  to  cycle  time  ratio 

Capacity  for  approacn  1  pnase  j. 

Two-way  stop,  two-way  yiela  or 
uncontrollefl  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approacn  volume 

Oemana  split  on  cross  streets 

Capacity  of  approacn 

Approacn  capacity  I  C,  . 
J  ■'••J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


'IL 


LKJ       S^ 


_A^^_  _C,^  _J3__  _aJ  E_c 

_s?_  JL^=-  _5_  2h'£2. 
_iP__  _P—  —Ci—  _Sl_ 


I^^O    1H<^^  3J'?0    ^0^0 


sU 


A 
H\ 
2. 

ZOHL 


OLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

ECTION:  ESSEK  STREET/LINCOLN  STREET/SURFACE  ARTERY 
1  VEAR:  1986  AVERAGING  TINE:  1-HQUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPHI 

CRUISE  SPEED  (MPH) 

FREE-FLDH  EMISSIONS  (S-VEH/M) 

.1   NUMEBR  OF  LANES 

.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

.4   DEMAND  VOLUME  (VPH) 

.5   SIGNAL  CYCLE  LENGTH  (SI 

.i   SREEN  PHASE  LENGTH  (S) 

.7   CAPACITY  (VPH) 

.8   PROPORTION  OF  VEHICLES  THAT  STOP 

.9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

^0   AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

!.0   LENGTH  OF  QUEUE  (M/LANE) 

?.0   AVERAGE  EKCESS  RUNNING  TIME  (S/VEH) 

fO.   EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

14.  LENGTH  FOR  EXCESS  EMISSIONS  («) 

15.  IDLING  EMISSION  RATE  (6/S) 
Ifc.   AVERAGE  EMISSION  RATE  (G/S-M) 

17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

18.  FREE-FLOW  EMISSION  RATE  (G/S-M) 


EEL 

EES 

LN 

SS 

SN 

143. 

514. 

800. 

815. 

330. 

12 

12 

12 

12 

12 

.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 

3 

n 

4 

T 

1840. 

4400. 

3320. 

5040. 

3040. 

143. 

514. 

800. 

315. 

330. 

100, 

100. 

20. 

36. 

34. 

34. 

1940. 

BBO. 

1195. 

1714. 

1034. 

.000 

.906 

.843 

.787 

,740 

.  000 

12.933 

18.737 

17.824 

6.787 

,00 

1.40 

2.02 

.91 

.47 

.00 

28.47 

62.28 

28.10 

14.51 

.00 

41.98 

33.08 

27.89 

26.07 

.200 

.200 

.200 

.200 

.200 

.080 

.080 

.080 

.080 

.080 

.000 

.036 

.052 

.050 

.019 

12.9 

12.9 

12.9 

12.9 

12.9 

25.7 

28.7 

62.3 

28.1 

25.7 

.000 

1.435 

1.732 

1.466 

.551 

.0000 

.0643 

.0386 

.0750 

.0309 

.0000 

-.0630 

-.1487 

-.1032 

-.0370 

.0397 

.1428 

.2222 

.2264 

.0917 

Intersection  

Case  »  "2^ 


*0RK3ieET  3  -  CAPACITY  ANALYSIS 


Year 


Steo 


Synooi 


1. 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4 


J 


Cs 


l.J 


4.1 
4.2 


'l.J 

4.3  aoprox  G/Cy 


cy 

GJ/Cy 


4.4 

4.5 
4.6 
4.7 
4.3 
5 

5.1 

5.2  C^ 
6 

6.1  V^ 

6.2  Sol 

6.3  C^ 
7  C. 


m  n 


Inout/LTits 


RoaO  segment  (or  aooroacn)  aeslqnatlon  | 
Free  flow  capacity  conoutacion: 

NuflOer  or  lanes 

Adjustnwnt  for  lane  »latn  (Taole  8-1) 

Adjustment  for  trucks  (Taoie  B-2) 

Free  flow  caoaclty 
Slonallzeq  Intersection  capacity; 

Green  signal  pnase  Identification 

Approacn  widtn  witn  parking  (ft) 

Percent  rignt  turners 

Percent  left  turners 

MetroQOiltan  area  size 

Capacity  service  volume  (vpn  or  green) 
Sicrtalized  intersection  green  phase 
and  cycle  lenqtn: 

Oeflwid  volume  for  approach  and  phase 

volLwe  to  green  capacity  ratio 

Approxlnate  G/Cy 

Sum  of  the  maxiwjm  v/C  ratios  for 
each  si^ial  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  1  phase  j 

T<o-»ay  stop,  two-»»ay  yield  or 
uncontrolled  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections; 

Approach  volume 

Ofwnd  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  \  Z,    , 
J  ■'•'J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


g£u  dES^ 


W. 


ss 


^  2=.  _il^  —'Jl.  —^£- 
)iHO      I'-^aV    3320     ^'^'fO 


sj 


dl 


ILUME  9  (REVISED)  INDIRECT  SOURCE  BUIDELINE  NDDEL  -  SORKSHEET  12 

KCTION:  ESSEX  STREET/LINCOLN  STREET/SURFACE  ARTERY 
J2  YEAR:  19B9  AVERAGING  TI«E:  1-HQUfi 

''         ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (HPH) 

FREE-FLOW  EMISSIONS  (G-VEH/M) 

1   NUMEBR  OF  LANES 

3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

4  DEHAND  VOLUME  (VPH) 

5  SIGNAL  CYCLE  LENGTH  (5) 

6  GREEN  PHASE  LENGTH  (S) 

7  CAPACITY  (VPH) 

3   PROPORTION  OF  VEHICLES  THAT  STOP 
*   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
(I   AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 
0   LENGTH  OF  QUEUE  (M/LANE) 
0   AVERAGE  E)(CE3S  RUNNING  TIME  (S/VEH) 

'O.   EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 
13.   LENGTH  OF  ACC.  AND  DEC.  (M) 
.4.   LENGTH  FOR  EKESS  EMISSIONS  (M) 

15.  IDLING  EMISSION  RATE  (G/S) 

16.  AVERAGE  EMISSION  RATE  (G/S-M) 

17.  ADJUSTED  EXCESS  EMISSION  RATE  (S/S-M) 
IB.   FREE-FLOW  EMISSION  RATE  (G/S-M) 


EEL 

EES 

LN 

SS 

SN 

187, 

506. 

1157. 

876. 

330. 

12 

12 

12 

12 

12 

.0000 

1.0000 

1.0000 

I. 0000 

1.0000 

1 

3 

2 

4 

3 

1B40. 

4400. 

3320. 

5040. 

3040. 

187. 

506. 

1157. 

876. 

330. 

100. 

100. 

20. 

36. 

34. 

34. 

1B40. 

880. 

1195. 

1714. 

1034. 

.000 

.904 

.982 

.799 

.740 

.000 

12.706 

31.571 

19,439 

6.787 

.00 

1.35 

30,29 

1.05 

.47 

.00 

28. 12 

185.58 

30.73 

14,51 

.00 

41.69 

122.66 

28.56 

26.07 

.200 

.200 

.200 

.200 

.200 

.080 

.080 

.080 

.080 

.030 

.000 

.036 

.088 

.054 

.019 

12.9 

12.9 

12.9 

12.9 

12.9 

25.7 

28.1 

185.6 

30.7 

25.7 

.000 

1.403 

9.817 

1.617 

.551 

.0000 

.0662 

.0590 

.0754 

.0309 

.0000 

-.0609 

-.2567 

-.1190 

-.0370 

.0519 

.1406 

.3214 

.2433 

.0917 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  SUIDELINE  MODEL  -  WORKSHEET  #2 

INTERSECTION:  ESSEX  STREET/LINCOLN  STREET/SURFACE  ARTERY 

CASE  I  2  YEAR:  1989  AVERAGING  TIME:  8-HOUR 

LINE  1  ROAD  SEGMENT  ID 

LINE  2  DEMAND  VOLUME  (VPH) 

LINE  4  CRUISE  SPEED  (MPH) 

LINE  5  FREE-FLDH  EMISSIONS  (G-VEH/M) 

LINE  A. I  NUMEBR  OF  LANES 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.7  CAPACITY  (VPH) 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  8.0  LENGTH  OF  SUEUE  (M/LANE) 

LINE  9.0  AVERAGE  EKCESS  RUNNING  TIME  (S/VEH) 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (Ml 

LINE  15.  IDLING  EMISSION  RATE  (G/S) 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M) 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

LINE  18.  FREE-FLOW  EMISSION  RATE  (G/S-M) 


EEL 

EE5 

LN 

SS 

BN 

153. 

415. 

949, 

718. 

271. 

IB 

IB 

18 

18 

18 

.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 

0 

a 

4 

3 

2300. 

5500. 

4150. 

6300. 

3B00, 

153. 

415. 

949. 

718. 

271. 

100. 

100. 

20. 

36. 

44. 

44. 

2300. 

1100. 

1494. 

2772. 

1672. 

.000 

.865 

.830 

.632 

.603 

.000 

9.975 

21.873 

12.606 

4.539 

.00 

.61 

1.74 

.35 

.19 

.00 

21.16 

70.84 

19.43 

9.47 

.00 

36.59 

30.75 

1B.15 

17.30 

.140 

.140 

.140 

.140 

.140 

.050 

.050 

.050 

.050 

.050 

.000 

.019 

.042 

.024 

.009 

29.0 

29.0 

29.0 

29.0 

29.0 

57.9 

57.9 

70.8 

57.9 

57.9 

.000 

.966 

i.Bie 

.737 

.262 

.0000 

.0262 

.0427 

.0247 

.0038 

.0000 

-.0736 

-.1761 

-.1014 

-.0366 

.0425 

.1153 

.2636 

.1994 

.0753 

*0RK2ieET  1  -  TRAFFIC  INFORMATION 

Intersection   P^.^.^P^    <;r / ) .lUCy^UJ  ^J C^yif^l^  p    AtJI^/^-^ 
Case  #    1     Year  _/S-^ 


1.  Roaa  segment  or  intersection  approacn 

identi f Ication  E£i   gg.^.  LU  -2S  _^\y 

2.  Observed  1-nr  volume  (vpn)  ^ ^_ , . 

Observed  8-rtr  volume  (vpn) ^ 

Projected  1-nr  peak  demand  (vpn)  )A7  '^^i-,    inZXD  'ki^  33t 

Projected  8-nr  peak  demand  (vpn)  )  3"/   -fl''  <g''^l    Lhir   -27/ 

3.  Percentage  cold  starts  jfO/PC •  k , 

4.  Percentage  trucks  and  buses  1,  Y _„ 

5.  Metropolitan  population  , 

6.  Slope  

7.  Free-flow  parameters 

Nuirder  of  lanes  J. ,3— _^_— -2L.=s. 

Average  lane  widtn  (ft)  LL —I ^  ^^—^2^  JL 

Design  soeed  (mph)  I  Z/  If 

Hignway  type  (see  Figures  2-5)  {Jc !:J1.  <L^.C2: 1-J. . 

8.  Intersection  parameters 

Intersection  designation 

AporoacT)  widtn  (ft)  /^   ff"     '3  7-  Si,   3? 

Percentage  ri^t  turns  ^Q__  ..^L-      ^      ~^      2=~ 

Percentage  left  turns  JuV         Q      .^^ ?1_  ZiS 

Type  control  and  description  of ^___ 

signal  controller  ^___^___^_^__^_— 

9.  Area  source  parameters 

Parking  lot  gate  designation  , , , , 

Projected  1-^r  peak  entrance  demand  (vph) ^_ 

Projected  1-nr  peak  exit  demand  (vpft)   ■ 

Projected  8-fir  peak  entrance  demand  (vph) 


Projected  8-nr  peak  exit  demand  (vpn) 

2 
Parking  lot  area  (m  ) 

Parking  lot  capacity  (vert) 

.Running  time  required  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 

Average  cars  per  stall 

Average  area  per  stall  (m  ) 


*OfiKa«ET  3  -  CAPaCITY  flNALVSIS 


Intersection 
Case  » 


,2 ^^"-y^rf'? 


Steo 


Synooi 


M, 


1     1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6  Qs 


J 
wa, 


l.J 


4.1 
4.2 
4.3 

4.4 

4.5 
4.6 

4.7 

4. a 

5 

5.1 

5.2  C^ 
6 

6.1  Vj^ 

6.2  Sol 

6.3  C^ 


'l.J 
aoorox  G/Cy 

cy 

GJ/Cy 
^l.J 


HI  n 


Inout/units 


Roafl  segment  (or  aooroacn)  aeslqnation 
Free  flow  capacity  confutation: 

Nutioer  or  lanes 

Aojusonent  for  lane  width  (Taoie  &-1) 

flajustment  for  trucks  (Taoie  B-2) 

Free  flow  capacity 
Signalized  intersection  capacity; 

(Seen  signal  onase  ioentification 

Approacn  wiatn  witn  parking  (ft) 

Percent  rignt  turners 

Percent  left  turners 

HetroQOiitan  area  size 

Capacity  service  voluiw  (vph  or  green) 
SityalizeO  intersection  green  pnasa 
and  cvcie  lenqtn: 

Oeii«na  volume  for  aoproacft  and  pnasa 

voluw  to  green  capacity  ratio 

Approximte  G/Cy 

Sum  of  tne  rnaxiiwjni  v/C  ratios  for 
eacn  si^ial  pnase 

Signal  cycle  time  (sec) 

Green  onase  lengtn 

Green  pnase  to  cycle  time  ratio 

Capacity  for  approacn  1  onase  j 

Two-«ay  stop,  two-way  yield  or 
uncontrolled  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections; 

Approacn  volune 

Demand  split  on  cross  streets 

Capacity  of  approacn 

Approacn  capacity  j  Cj^  ■ 

5.2  for  a  four-way  stoo  or 

6.3  for  a  two-way  stop 


BBL      EE^         UU 


<r  <■ 


S^\ 


h^ 


■Z.^\A 


22  ^HL  J^Jf^-^lE^^  m^ 

\no      Hi'^t^     332^      .-'?2J 


A. 
7/ 


I  p«E  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

■R  CTION:  ESSEX  STREET/LINCOLN  STREET/ SURFACE  ARTERY 
:  3  YEAR:  1989  AVERAGING  TIME:  1-HOUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOW  EMISSIONS  (G-VEH/Ml 

1   NUMEBR  OF  LANES 

3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

4  DEMAND  VOLUME  (VPH) 

5  SIGNAL  CYCLE  LENGTH  (S) 

6  GREEN  PHASE  LENGTH  (S) 
-^      CAPACITY  (VPH) 

5      PROPORTION  OF  VEHICLES  THAT  STOP 
9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
0   AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  QUEUE  (M/LANE) 

!j  AVERAGE  EKESS  RUNNING  TIME  (S/VEH) 

i  0.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

I   1.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

t  2.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

f.3.  LENGTH  OF  ACC.  AND  DEC.  (H) 

t  4,  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

£15.  IDLING  EMISSION  RATE  (G/S) 

'E!i.  AVERAGE  EMISSION  RATE  (G/S-M) 

Ifl7,  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

lilB.  FREE-FLON  EMISSION  RATE  (G/S-M) 


EEL 

EES 

LN 

SS 

SN 

167. 

506. 

1020. 

815. 

330. 

12 

12 

12 

12 

12 

.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 

3 

<^ 

4 

T 

1840. 

4400. 

3320. 

5040. 

3040. 

167. 

506. 

1020. 

815. 

330. 

100. 

100. 

20. 

36. 

34. 

34. 

1840. 

8B0. 

1195. 

1714. 

1034. 

.000 

.904 

.924 

.787 

.740 

.000 

12.706 

26.175 

17.B24 

6.7B7 

.00 

1.35 

5.82 

.91 

.47 

.00 

29.12 

95.99 

28.10 

14.5! 

.00 

41.69 

47.10 

27.89 

26.07 

.200 

.200 

.200 

.200 

.200 

.080 

.080 

.080 

.080 

.080 

.000 

.036 

.073 

.050 

.019 

12.9 

12.9 

12.9 

12.9 

12.9 

25.7 

28.1 

96.0 

2B.1 

25.7 

.000 

1.403 

3.217 

1.466 

.551 

.0000 

.0662 

.0433 

.0750 

.0309 

.0000 

-.0609 

-.2184 

-.1032 

-.0370 

.0464 

.1406 

.2833 

.2264 

.0917 

EPfl  VOLUME  ?  (REVISED)  INDIRECT  SOURCE  GUIDELINE 

INTERSECTION:  ESSEJi  STREET/LINCOLN  STREET/SURFACE 
CASE  I  3  YEAR:  1989  AVERAGING  TIME:  8-HOUR 

LINE  1    ROAD  SEGMENT  ID 

LINE  2    DEMAND  VOLUME  (VPH) 

LINE  4    CRUISE  SPEED  (MPH) 

LINE  5    FREE-FLOM  EMISSIONS  (G-VEH/M) 

LINE  6.1   NUMEfiR  OF  LANES 

LINE  i.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  i.4   DEMAND  VOLUME  (VPH) 

LINE  6.5   SIGNAL  CYCLE  LENGTH  (S) 

LINE  i.i   SREEN  PHASE  LENGTH  (S) 

LINE  4.7   CAPACITY  (VPH) 

LINE  6.8   PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.9   NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0   AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  9.0   LENGTH  OF  QUEUE  (M/LANE) 

LINE  9.0   AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

LINE  10.   EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 
EMISSIONS  FROM  DECELERATION  (G/VEH-M) 
EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 
LENGTH  OF  ACC.  AND  DEC.  (M) 
LENGTH  FOR  EXCESS  EMISSIONS  (M) 
IDLING  EMISSION  RATE  (G/S) 
AVERAGE  EMISSION  RATE  (G/5-M) 
ADJUSTED  EXCESS  EMISSION  RATE  (G/S-H) 
FREE-FLOW  EMISSION  RATE  (G/S-M) 


LINE 

11. 

LINE 

12. 

LINE 

13. 

LINE 

14. 

LINE 

15, 

LINE 

16. 

LINE 

17. 

LINE 

18. 

MODEL  -  WORKSHEET  »2 

ARTERY 

EEL 

EES 

LN 

SS 

SN 

137. 

415. 

836. 

668. 

271. 

18 

18 

13 

18 

18 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 

3 

2 

4 

3 

2300. 

5500. 

4150. 

6300. 

3800. 

137. 

415. 

836. 

668. 

271. 

100. 

100. 

20. 

36. 

44. 

44. 

2300. 

1100. 

1494. 

2772. 

1672. 

.000 

.865 

.801 

.626 

.603 

.000 

9.975 

IB. 611 

11.624 

4.539 

.00 

.61 

1.27 

.32 

.19 

.00 

21.16 

59.65 

17.91 

9.47 

.00 

36.59 

28.71 

17.95 

17.30 

.140 

.140 

.140 

.140 

.140 

.050 

.050 

.050 

.050 

.050 

.000 

.019 

.035 

.022 

.009 

29.0 

29.0 

29.0 

29.0 

29.0 

57.9 

57.9 

59.6 

57.9 

57.9 

.000 

.966 

1.4S1 

.676 

.262 

.0000 

.0262 

.0420 

.0227 

.0088 

.0000 

-.0736 

-.1441 

-.0935 

-.0366 

.0381 

.1153 

.2322 

.1856 

.0753 

WORKSHEET  1  -  TRAFFIC  INFORMATION 


Intersection 
Case  #    I 


h/TFLAhn,    /<U^.rf^.cL      /^qi^^W 


Year 


rou 


1. 

2. 

Road  segment  or  intersection  approach 
identification 

Observed  1-hr  volume  (vph) 

Observed  8-hr  volume  (vph) 

Projected  1-hr  peak  demand  (vph) 

3. 

Projected  8-hr  peak  demand  (vph) 
Percentage  cold  starts     (11^'//'^''] 

^^^O.L 

4. 

Percentage  trucks  and  buses 

Jl'L. 

5. 

Metropolitan  population 

6. 

Slope 

7. 
8. 

Free- flow  parameters 

Number  of  lanes 

Average  lane  width  (ft) 

Design  speed  (mph) 

Highway  type  (see  Figures  2-5) 
Intersection  parameters 

9. 

Intersection  designation 
Approach  width  (ft) 
Percentage  right  turns 
Percentage  left  turns 
Type  control  and  descsiption  of 
signal  controller 
Area  source  parameters 

^     20     ^ 

'   J    0' 

Parking  lot  gate  designation 

Projected  1-hr  peak  entrance  demand  (vph) 

Projected  1-hr  peak  exit  demand  (vph) 

Projected  8-hr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand  (vph) 

Parking  lot  area  (m  ) 

Parking  lot  capacity  (veh) 

Running  time  required  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 



Average  cars  per  stall 

Average  area  per  stall  (m  ) 

— 

WORKSHEET  B  -  CAPACITY  ANALYSIS 


Intersection  _ 
Case  # J_ 


K^£F,.f^.Kj  r^  /  '^.u  ^r¥\ro    A  ,^-^ '  £ s 


Year 


-a. 


Step 

Symdol 

Input/ units 

1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4.1 
4.2 
4.3 

4.4 

'  4.5 
4.6 

4.7 
4.8 

5 

5.1 

5.2 

6 

6.1 

6.2 

6.3 

7 

i 

^ 

"f 
^i 
=i 

J 

approx  G/Cy 

:max(V.^jCs,^j) 

Cy 

GJ 
GJ/Cy 

'^i 

\ 
Spi 

^1 
^i 

Road  segment  (or  approach)  designation 

-..   --.^    ^S 

Tree  flow  capacity  computation: 

^4umtler  of  lanes 

Adjustment  for  lane  width  (Taple  B-1) 

Adjustment  for  trucks  (Table  B-2) 

Free  flow  capacity 

Signalized  intersection  capacity: 

Green  signal  phase  identification 

Approach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 

Signalized  intersection  green  phase 
and  cycle  length: 

Demand  Volume  for  approach  and  phase 

Volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  intersection: 

\3.hltLL       ^^ 

2.^   r^^l 

AJL 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  ?  C,  . 
J  ■'••J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 

IV""- 


t (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

■  KNEi^LAND  STREET/SURFACE  ARTERY 
i:  1986  AVERAGING  TIME:  1-HOUR 

i,D  SEGMENT  ID 

hand  volume  (vph) 
;)ibe  speed  imph) 
::e-flow  emissions  (G-veh/m) 
>^1ebr  of  lanes 

fPariTY  SERVICE  VOLUME  (VPH  OF  GREEN) 
PftC  TY  SERVICE  VOLUME  (VPH  OF  GREEN) 
(FACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

IIMAND  VOLUME  (VPH) 

'hand  volume  (vph) 
hand  volume  (vph i 

::gnal  cycle  length  (S) 

iEEN  PHASE  LENGTH  (S) 
,;;EEN  PHASE  LENGTH  (S) 
;<EEN  PHASE  LENGTH  (S) 

OPACITY  (VPH) 

iROPORTION  OF  VEHICLES  THAT  STOP 
'ROPORTION  OF  VEHICLES  THAT  STOP 
'ROPORTIDN  OF  VEHICLES  THAT  STOP 

UMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
UMBER  OF  VEH  CLES  THAT  STOP  PER  CYCLE 
SeR  of  VEHICLES  THAT  STOP  PER  CYCLE 

iVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

.ENGTH  OF  QUEUE  (H/LANE) 

AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (6/VEH-H) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (G/S) 

AVERAGE  EMISSION  RATE  (G/S-H) 

ADJUSTED  EXCESS  EMISSION  RATE  (G/S-Ml 

FREE-FLQH  EMISSION  RATE  (S/S-M) 


KE     KH 

048. 

564. 

12 

12 

1.0000  1 

0000 

3 

3 

1336. 
3402. 
2916. 

2592. 
0. 
0. 

326. 
113. 
409. 

564. 
0. 
0. 

100. 

S3. 
15. 
36. 

36. 
0. 
0. 

2669. 

933. 

.225 
.879 
.744 

.BIB 
.  000 
.000 

2.036 
2.760 
B.457 

12.815 
.000 
.000 

.47 

1.53 

27.44 

28.69 

17.83 

32.07 

.200 

.200 

.080 

.OBO 

.037 

.036 

12.9 

12.9 

27,4 

28.7 

.923 

1.181 

.0511 

.0573 

-.0815 

-.0709 

.2356 

.1567 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 


INTERSECTION:  KNEELAND  STREET/SURFACE  ARTERY 
CASE  f  1  YEAR:  1986  AVERAGING  TIME:  B-HOUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOH  EMISSIONS  (G-VEH/M) 

NUHEBR  OF  LANES 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

DEMAND  VOLUME  (VPH) 
DEflAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

SIGNAL  CYCLE  LENGTH  (S) 

GREEN  PHASE  LENGTH  (S) 
SREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENGTH  (S) 

CAPACITY  IVPH) 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  QUEUE  (M/LANE) 

AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  !G/S) 

AVERAGE  EMISSION  RATE  (G/S-M) 

ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

FREE-FLOW  EMISSION  RATE  (G/S-M) 


KE 

KM 

SS 

695. 

462. 

1367. 

16 

18 

16 

.0000 

1.0000 

1.0000 

T 
I.' 

4 

1650. 
4200. 
3600. 

3200. 
0. 
0. 

4650. 
0, 
0. 

267. 
126. 
302. 

462. 
0. 
0. 

1367. 
0, 
0. 

100. 

83. 
15. 
36. 

36. 
0. 
0. 

46. 
0. 
0. 

3296. 

1152. 

2139. 

.203 
.876 
.699 

.748 
.000 
.000 

.765 
.000 
.000 

1.504 
3.067 
5.B61 

9.599 
.000 
.000 

29.043 
.000 
.000 

.27 

.67 

1.77 

21.40 

20.54 

46.22 

17.42 

26.03 

23.63 

.140 

.140 

.140 

.050 

.050 

.050 

.020 

.018 

.055 

29.0 

29.0 

29.0 

57.9 

57.9 

57.9 

.678 

.731 

1.932 

.0216 

.0217 

.0609 

.0827 

-.0743 

-.2295 

.1931 

.1283 

.3797 

WORKSHEET  1  -  TRAFFIC  INFORMATION 

Intersection    -K  ,'  F  "  'L/l A ./  pN  /■^,  C  ^"  P-  ■"  .F        A/^  TJf  /  2.  <^ 
Case  #   .2      Year  /^  ^f       / 


1. 

Roaa  segment  or  Intersection  approacn 
identification 

il5=_i2^<i_^"__ 

2. 

Observed  1-rtr  volume  (vpn) 
Observed  8-hr  volume  (vpn) 

— , . ,  — , 

3. 

4. 

Projected  1-nr  peak  demand  (vpn) 
Projected  8-nr  peak  demand  (vpn) 
Percentage  cold  starts 
Percentage  trucks  and  buses 

^.^riiA , 

_2.   V 

5. 

Metropolitan  population 

6. 

Slope 

7. 

Free-flow  parameters 
NuirOer  of  lanes 

^ :=. f 

Average  lane  widtn  (ft) 

Design  speed  (mpn) 

Highway  type  (see  Figures  2-5) 

a. 

Intersection  parameters 
Intersection  designation 

1 

Approach  width  (ft) 
Percentage  ri^t  turns 

■?3          i^     '•   ,• 
1  r    c     ^ 

Percentage  left  turns 

^t         -- .     3 

9. 

Type  control  and  description  of 
signal  controller 
Area  source  parameters 

1  . 

I 

Parking  lot  gate  designation 

Projected  1-hr  peak  entrance  demand  (vph) 

Projected  1-hr  peak  exit  demand 

(vph) 

Projected  3-hr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand 

(vph) 

Parking  lot  area  (m  ) 

Parking  lot  capacity  (veh) 

:^unning  time  repuired  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 



Average  cars  per  stall 



Average  area  per  stall  (m  ) 

— 

ORKSHEET  a  -  CAPACITY  ANALYSIS 

intersection       .^/  iF^-j  f>^  'iJ  ^  J^uO  TA^  ^ /-9/?  -T^  .^  ^/ 

Case  *        :2.        Year  /^^^ 


Step 


Symool 


1 

2 

2.1 

2.2 

2.3 

2.4 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4 


4.1 
4.2 


4.4 


J 


Cs 


l.J 


i.J 
4.3  aoprox  G/Cy 


imaxCV^^jCs^^j 


4.5 

cy 

4.6 

GJ 

4.7 

GJ/Cy 

4. a 

^l.J 

5 

5.1 

^m*^n 

5.2 

'^l 

6 

6.1 

V, 

6.2  Soi 

6.3  C, 


Inout/ units 


Road  segment  (or  aooroacn)  aesiqnation 
Free  flow  capacity  computation: 

NumOer  of  lanes 

Adjustment  for  lane  wiath  (TaPle  B-1) 

Adjustment  for  trucks  (Taoie  &-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  pfiase  Identification 

Approacfi  widtn  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 
Signalized  intersection  green  phase 
and  cycle  length; 

OefTsnd  volume  for  approach  and  phase 

Volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontroXlea  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  ?  C^    . 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


ii^ 


<  /. 


J 


A»r-^_- 


; 


l^Zc 


jiLUriE  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  MORKSHEET  12 

TTION:  KNEELAND  STREET/SURFACE  ARTERY 
YEAR:  19B9  AVERAGING  TIHE:  1-HQUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOW  EMISSIONS  (G-VEH/M) 

NUMEBR  OF  LANES 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  6REEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

SIGNAL  CYCLE  LENGTH  (S) 

GREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENGTH  (S) 
SREEN  PHASE  LENGTH  (S) 

CAPACITY  (VPH) 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  QUEUE  (M/LANE) 

AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-N) 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC,  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (G/S) 

AVERAGE  EMISSION  RATE  (G/S-M) 

ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

FREE-FLOH  EMISSION  RATE  (G/S-fl) 


KE 

KM 

84S. 

564. 

12 

12 

1.0000 

1.0000 

3 

T 

1336. 
3442. 
2916. 

2592. 
0. 
0. 

326. 
113. 
409. 

564. 
0. 
0. 

100. 

83. 
15. 
36. 

36. 
0. 
0. 

2675. 

933. 

.225 
,879 
.744 

.818 
.000 
.000 

2.036 
2.759 
8.457 

12.815 
.000 
.000 

.46 

1.53 

27.43 

2B.69 

17.93 

32.07 

.200 

.200 

,080 

.080 

,037 

,036 

12.9 

12,9 

27.4 

28.7 

.923 

1,181 

.0511 

.0573 

-.0815 

-.0709 

.2356 

.1567 

4  (^2zl-l7^^) 


^  -HHL^jXc 


EPA  VOLUflE  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  »2 

INTERSECTION:  KNEELAND  STREET/SURFACE  ARTERY 

CASE  #  2  YEAR:  1989  AVERAGING  TINE:  8-HOUR 

LIME  1    ROAD  SEBflENT  ID  KE     KH     SS 

LINE  2    DEMAND  VOLUME  (VPH)  695.    462.   1908. 

LINE  4    CRUISE  SPEED  (MPH)  IB     IB     IB 

LINE  5    FREE-FLOW  EMISSIONS  (G-VEH/M)  1.0000  1.0000  1.0000 

LINE  6.1   NUMEBR  OF  LANES  3     3     4 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  SREEN) 
LINE  6.3   CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4  DEMAND  VOLUME  (VPH) 
LINE  6.4  DEMAND  VOLUME  (VPH) 
LINE  6.4   DEMAND  VOLUME  (VPH) 

LINE  6.5   SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 
LINE  6.6   GREEN  PHASE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6,7  CAPACITY  (VPH) 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LIME  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0  'AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  8.0  LENGTH  OF  QUEUE  (M/LANE) 

LIME  9.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

LIME  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

LINE  15.  IDLING  EMISSION  RATE  (G/S) 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M) 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

LIME  18.  FREE-FLON  EMISSION  RATE  (G/S-M) 


1650. 
4250. 
3600. 

3200. 
0. 
0. 

4650. 
0. 
0. 

267. 
126. 
302. 

462. 
0. 
0. 

1908. 

0. 
0. 

100. 

83. 
15. 
3&. 

36. 
0. 
0. 

46. 
0. 
0. 

3303. 

1152. 

2139. 

.203 
.876 
.699 

.748 
.000 
.000 

.916 
.000 
.000 

1.504 
3.066 
5.861 

9.599 
.000 
.000 

48.535 
.000 
.000 

.27 

.67 

8.26 

21.39 

20.54 

B5.19 

17.42 

26.03 

38.63 

.140 

.140 

.140 

.050 

.050 

.050 

.020 

.018 

.092 

29.0 

29.0 

29.0 

57.9 

57.9 

85.2 

.677 

.731 

4.715 

.0216 

.0217 

.0867 

.0827 

-.0743 

-.3986 

.1931 

.1283 

.5300 

i;OLU«E  9  (REVISED)  INDIRECT  SOURCE  SUIDELINE  MODEL  -  WORKSHEET  »2 

ECTION:  KNEELAND  STREET/SURFACE  ARTERY  MIT 
$  2  YEAR:  19B9  AVERAGING  TIME:  1-HOUR 


!1 

ROAD  SEGMENT  ID 

KE 

12 

DEMAND  VOLUME  (VPH) 

S48. 

4 

CRUISE  S.OEED  !«PH) 

12 

15 

FREE-FLOH  EMISSIONS  (G-VEH/'M) 

1,0000 

6.1 

NUMEBR  OF  LANES 

3 

6.3 

6.3 

,6.3 

CAPACITY  SERVICE  VOLUME  (VPH  OF  SREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  SREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

1336. 
3442, 
2916. 

16.4 
6.4 
6.4 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

326. 
113. 
409. 

6.5 

SIGNAL  CYCLE  LENGTH  (S) 

100. 

I  6.6 
6.6 
6.6 

GREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENGTH  IS) 
BREEN  PHASE  LENGTH  (S) 

69. 
10. 
20. 

6.7 

CAPACITY  IVPH) 

1S49. 

6.8 
6.8 
6.3 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

,410 
.931 
.931 

6.9 
6.9 
6.9 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

3,713 

2.921 

10.572 

7.0 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

.95 

e.o 

LENGTH  OF  QUEUE  (M/LANE) 

36.11 

9,0 

AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

27.62 

10. 

EMISSIONS  FROM  ACCELERATION  (G/VEH-H) 

.200 

11. 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

.080 

12. 

EMISSION  RATE  FDR  ACC,  AND  DEC,  (G/H-S) 

.04B 

13. 

LENGTH  OF  ACC.  AND  DEC.  (M) 

12.9 

14. 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

36.1 

15, 

IDLING  EMISSION  RATE  (G/S) 

'  1.509 

16. 

AVERAGE  EMISSION  RATE  (G/S-Ml 

.0590 

17. 

ADJUSTED  EXCESS  EMISSION  RATE  (G/S-H) 

-.1131 

IB. 

FREE-FLOH  EMISSION  RATE  (B/S-M) 

.2356 

7 =  'M^f^nju.Y^ 


EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  *2 

INTERSECTION:  KNEELANO  STREET/SURFACE  ARTERY  MIT 

CASE  »  2  YEAR:  1989  AVERAGING  TIME:  B-HOUR 

LINE  1    ROAD  SEGMENT  ID  KE  KM  SS 

LINE  2    DEMAND  VOLUME  (VPH)  695.  452.  1908. 

LINE  4    CRUISE  SPEED  (MPH)  18  19  IB 

LINE  5    FREE-FLOW  EMISSIONS  (G-VEH/M)  1,0000  1.0000  1.0000 

LINE  4.1  NUMEBR  OF  LANES  3  3  4 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN)  1650.  3200.  4650 

LINE  6.3  CAPACITY  SERVICE  VOLUME  tVPH  OF  6REEN)  4250.  0  0* 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN)  3600.  0*.  o! 

LINE  6.4  DEMAND  VOLUME  (VPH)  267  46?  19f,fl 

LINE  6.4  DEMAND  VOLUME  (VPH)  ("a'  0  0 

LINE  6.4  DEMAND  VOLUME  (VPH)  302.'  0.'  o! 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S)  100. 

LINE  6.6  GREEN  PHASE  LENGTH  (S)  78  ^o  6^ 

LINE  6.6  GREEN  PHASE  LENGTH  (S)  15"  "n"  o' 

LINE  6.6  GREEN  PHASE  LENGTH  (S)  20."  0.'  0. 

LINE  6.7  CAPACITY  (VPH)  2645.  640.  2S83. 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP  .26'  935  644 

LINE  6. a  PROPORTION  OF  VEHICLES  THAT  STOP  .876  "OOO  'm 

LINE  6.S  PROPORTION  OF  VEHICLES  THAT  STOP  .873  .'oOO  ."oOO 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE  1.947  it  999  34  154 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE  3.066  .'ooO  000 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE  7.326  loOO  .m 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE  .36  2.60  1.96 

LINE  9.0  LENGTH  OF  QUEUE  (M/LANE)  25.39  29.19  54,17 

LINE  9.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH)  23.52  52.00  14.69 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M)  .140  .140  .140 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M)  .050  .050  .050 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/H-S)  ,023  .023  .065 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M)  29.0  29.0  29.0 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (M)  57.9  57.9  57,9 

LINE  15.  IDLING  EMISSION  RATE  (6/S)  ,977  1.578  1,493 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M)  ,0286  .0386  .0582 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M)  -.0948  -.0614  -.2833 

LINE  IB,  FREE-FLOW  EMISSION  RATE  (G/S-M)  .1931  .1283  .5300 


WORKSHEET  1   -   TRAFFIC   INFORMATION 

Intersection  ^M£S  lAK\D    /CudFF^CS     Nl-Tr><-  '/ 

Case  #       3  year   _j£2:fL         ^  ' 


2. 


Roaa  segment  or  intersection  approacn  ^ 

identification  f£-.^  Sii/- 

Observed  1-ftr  volume  (vph)  5'^'  ^       "'"'  s        ^^  ^i     

Observed  8-fir  volume  (vph)  L^ ^     ^'■^- '^'^J^-^ 

Projected  l-fir  peak  demand  (vph)  , 

Projected  8-Mr  peak  demand  (vph)  , 

3.  Percentage  cold  starts  C/^/7.'^''-  ,■! 

4.  Percentage  trucks  and  buses  7-  2_ 

5.  Metropolitan  population  

6.  Slope  

7.  Free-flow  parameters 

Number  of  lanes  J:Z. ri —L 

Average  lane  width  (ft)  1^ \C !JL_ 

Design  speed  (mph)  LLJ}-£. 

Highway  type  (see  Figures  2-5)  L  f  bc^-^     Af  ^c^[ 

a.   Intersection  parameters  ^^  j 

Intersection  designation 

Approach  width  (ft)  5^     ^-  '^ 1^ 

Percentage  right  turns  3.2 . -^ ^^i^ 

Percentage  left  turns  ^1^ ^jj .~^i_ 

1 — r 


Type  control  and  description  of  ^f^  r-^i^L  i  y./:^' 

signal  controller  _____ 


Area  source  parameters 

Parking  lot  gate  designation 

Projected  1-hr  peak  entrance  demand  (vph) 

Projected  1-hr  peak  exit  demand  (vph) 

Projected  8-hr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand  (vph) 

2 
Parking  lot  area  (m  ) 

Parking  lot  capacity  (veh) 

l^unning  time  required  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 

Average  cars  per  stall 

Average  area  per  stall  (m  ) 


Intersection  _ 
Case  »        ^ 


Step 


SynCal 


1 

1 

2 

2.1 

^ 

2.2 

•f 

2.3 

^1 

2.4 

'^i 

3 

3.1 

J 

3.2 

*«i 

3.3 

3.4 

3.5 

3.6 
4 

^i.j 

4.1 
4.2 
4.3 

aoprox  G/Cy 

4.4 

:n,ax(V^^jCs,^j 

4.5 

Cy 

4.6 

GJ 

4.7 

GJ/Cy 

4.8 

5 

^l.J 

5.1 
5.2 

^m*^n 

^1 

6 

6.1 

^ 

6.2 

Spi 

6.3 

c, 

WORKSHEET  B  -  CAPACITY  ANALYSIS 

/-//^^lA  a  jP/sue  FP(^^  AeTfc  <^  '-f 


Year 


\^9<\ 


Input/units 


Roafl  segment  (or  approach)  designation 
Free  flow  capacity  computation: 

NumOer  of  lanes 

Adjustment  for  lane  width  (Taole  8-1) 

Adjustment  for  trucks  (TaPie  &-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  phase  identification 

Approach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 

Signalized  intersection  green  phase 
and  cycle  length: 

Demand  volume  for  approach  and  phase 

volume  to  green  capacity  ratip 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  1  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  IntersectionT 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  ?  C,  . 
J  •'•'J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


tL      K^  ^ST" 


A 

u  .1  i  I, 


^ 


/- 


1 


I 

V 


'/i;OLU«E  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

•FACTION:  KNEELAUD  STREET/SURFACE  ARTERY 
;f|  3  VEAR:  1989  AVERAGING  TIME:  1-HOUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOW  EMISSIONS  (6-VEH/M) 

NUMEBR  OF  LANES 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

SIGNAL  CYCLE  LENGTH  (S) 

6.6  GREEN  PHASE  LENGTH  (S) 
i.i  GREEN  PHASE  LENGTH  (S) 
;.6   GREEN  PHASE  LENGTH  (S) 

D.7   CAPACITY  (VPH) 

6.8  PROPORTION  OF  VEHICLES  THAT  STOP 
5.3  PROPORTION  OF  VEHICLES  THAT  STOP 
:.5   PROPORTION  OF  VEHICLES  THAT  STOP 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  QUEUE  (M/LANE) 

AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC,  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (6/S) 

AVERAGE  EMISSION  RATE  (G/S-M) 

ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

FREE-FLOW  EMISSION  RATE  (G/S-M) 


KE 

KU 

848. 

564. 

12 

12 

1.0000 

1.0000 

3 

T 

1336. 
3442. 
2916. 

2592. 
0. 
0. 

326. 
113. 
409. 

564. 
0. 
0. 

100. 

S3. 
15. 
36. 

36. 
0. 
0. 

2675. 

933. 

.225 
.879 
.744 

.818 
.  000 
.000 

2.036 
2.759 
8.457 

12.315 
.000 
.000 

.46 

1.53 

27.43 

28.69 

17.03 

32.07 

.200 

.200 

.080 

.080 

.037 

.036 

12.9 

12.9 

27.4 

28,7 

.923 

1,181 

.0511 

.0573 

-.0815 

-.0709 

.2356 

.1567 

^^^'"^-'^"^^  .  3V1.  «^/i' 


r  - -"^-^ 


EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 


INTERSECTION:  KNEELAND  STREET/SURFACE  ARTERY 
CASE  t  3  YEAR:  1989  AVERAGING  TIME:  8-HOUR 


LINE  1 

LINE  2 

LINE  4 

LINE  5 

LINE  6.1 

LINE  i.3 
LINE  6.3 
LINE  6,3 

LINE  6.4 
LINE  6.4 
LINE  6,4 


LINE  6,8 
LINE  6.S 
LINE  6.8 

LINE  6.9 
LINE  6.9 
LINE  6.9 


ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (MPH) 

FREE-FLOH  EMISSIONS  (G-VEH/M) 

NUMEBR  OF  LANES 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 


LINE  6.5  SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (£) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.7  CAPACITY  (VPH) 


PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

AVERAGE  NUMBER  OF  VEHICLES  IN  BUEUE 

LENGTH  OF  QUEUE  (M/LANE) 

AVERAGE  E)(CESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (B/M-S) 

LENGTH  OF  ACC,  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (G/S) 

AVERAGE  EMISSION  RATE  (G/S-M) 

ADJUSTED  EICESS  EMISSION  RATE  (G/S-M) 

FREE-FLOH  EMISSION  RATE  (G/S-M) 


KE 

KU 

SS 

695. 

462. 

1793. 

18 

18 

18 

1.0000 

1.0000 

1.0000 

3 

3 

4 

1650. 
4250. 
3600. 

3200. 
0. 
0. 

4650. 
0. 
0. 

267. 
126. 
302. 

462. 
0. 
0. 

1793. 
0. 
0. 

100. 

83. 
15. 
36. 

36, 
0, 
0. 

46. 

0. 
0. 

3303. 

1152, 

2139. 

.203 
,876 
.699 

.748 
.000 
,000 

.879 
.000 
.000 

1.504 
3.066 
5.861 

9.599 
,000 
,000 

43.774 
.000 
.000 

.27 

,67 

5.18 

21.39 

20.54 

73.43 

17.42 

26.03 

32.45 

.140 

.140 

.140 

.050 

.050 

.050 

.020 

.018 

.083 

29.0 

29.0 

29.0 

57.9 

57.9 

73.4 

.677 

.731 

3.650 

.0216 

.0217 

.0825 

.0827 

-.0743 

-.3552 

.1931 

.1283 

.4981 

WORKSHEET  I  -   TRAFFIC  INFORMATION 


Intersection        2-   ^'  ■  f  <'  ^  nrL.-.ri^i    I     S<.   t^  -> 
Case  #    /      •Vear  l<^  W~^  I 


1.  Roaa  segment  or  intersection  approach  oaII^  -^^ac:  -^  fu*^  ?  f^ 

identification  ^iv^  ^r5_  ^  ^-Ji_ 

2.  Observed  l-nr  volume  (vph)  7|^f)    lOf^   ^Af^)  .ZW-:;, 
Observed  S-hr  volume  (vph)  t^'SS   IH  X    -i'-)'^     Kf^[ 

Projected  1-hr  peak  demand  (vph)  . 

Projected  8-hr  peak  demand  (vph)  , 

3.  Percentage  cold  starts  _k.CL3Cj_r . 

4.  Percentage  trucks  and  buses  7.  H , 

5.  Metropolitan  population  , 

6.  Slope  ^_ 

7.  Free-flow  parameters 

Number  of  lanes  ^ ^ 3. J^ 

Average  lane  width  (ft)  Lii7_  _LL li- LJl? 

Design  speed  (mph)  \^  ■'     •■' 

Highway  type  (see  Figures  2-5)  I  .  {':',  i>  i-  '•  '■•■.<"  ' 

a.   Intersection  parameters  -^_ 

Intersection  designation 

Approach  width  (ft)  S'S'       23 ld2r—32: 

Percentage  right  turns  ^3       ^J   JCQ 

Percentage  left  turns  Jis. L SSj. Q— 

Type  control  and  description  of  \iCi rri^' i  J/'^f 

signal  controller  _ 

9.   Area  source  parameters 

Parking  lot  gate  designation  _ 

Projected  1-hr  peak  entrance  demand  (vph)  _ 

Projected  1-hr  peak  exit  demand  (vph)  _ 

Projected  8-hr  peak  entrance  demand  (vph)  _ 

Projected  8-hr  peak  exit  demand  (vph)  _ 

2 

Parking  lot  area  (m  )  _ 

Parking  lot  capacity  (veh)  _ 

.Running  time  reguired  to  access 

auxiliary  parking  (s)  _ 

Facility  emptying  time  _ 

Average  cars  per  stall  _ 

Average  area  per  stall  (m  )  _ 


1 — 'if 


■if 


Intersection 
Case  # 


_L 


WORKSHEET  8  -  CAPACITY  ANALYSIS 


step 


Symooi 


4.5 
4.6 
4.7 
4.8 
5 


SA 


U 


M. 


1 

2 

2.1 

2.2  W 

2.3  T 

2.4  C 
3 

3.1  J 

3.2 

3.3 

3.4 

3.5 

3.6 

4 


wa. 


Cs 


l.J 


'i.J 


4.1 
4,2 

4.3  aoprox  G/Cy 

4.4  imaxCV^^jCs^^j) 

Cy 
CJ 
GJ/Cy 

C. 


'i.J 


m  n 


5.1 

5.2  C^ 
6 

6.1  V^ 

6.2  Spi 

6.3  C. 


Input/ units 


Road  segment  (or  aoproacn)  designation 
Free  flow  capacity  computation: 

Number  of  lanes 

Adjustment  for  lane  width  (TaOle  B-1) 

Adjustment  for  trucks  (Taole  B-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  phase  identification 

Approach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 

Signalized  intersection  green  phase 
ana  cycle  length: 

Demand  volume  for  approach  and  phase 

volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontroilea  intersection? 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections; 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity  ?  C,  . 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


t^trj-j.-TC  Hiyp   ^^^    iicrj 


rAjJZASzU 


■s:c>~ 


SS 


,^ 


^ 


\ 


CJM 


^ 


CAS 


.^ 


^ 


V 


Ky 


V 


/^ 


/ 


B 


c 


LUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

CTIDN:  SURFACE  ARTERY/SOUTH  STREET 
I  YEAR:  19B6  AVERAGING  TIME:  1-HQUR 


ROAD  SEGMENT  ID 

SAN 

SAS 

3N 

3S 

DEMAND  VOLUME  (VPH) 

760. 

906. 

360. 

243, 

CRUISE  SPEED  IMPH) 

12 

12 

12 

12 

FREE-FLOH  EMISSIONS  (G-VEH/M) 

1.0000 

1.0000 

1.0000 

1.0000 

NUMEBR  OF  LANES 

4 

3 

7 

3 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

1520. 
4800. 

3360. 

0. 

3720. 

0. 

3280. 

0. 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

122. 
63B. 

906. 
0. 

360. 
0. 

243. 
0. 

SIGNAL  CYCLE  LENGTH  (S) 

80. 

GREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENGTH  (S) 

8. 
47. 

39. 
0. 

31. 

0. 

31. 

0. 

CAPACITY  (VPH) 

2972. 

1638. 

1442. 

1271. 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

.979 
.476 

.702 
.000 

.678 
.000 

.662 
.000 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

2.653 
6,745 

14.128 
.000 

5.425 
.000 

3.572 
.000 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

.34 

1.24 

.33 

.24 

LENGTH  OF  |]UEUE  (M/LANE) 

14.61 

30.73 

11.52 

7.62 

AVERAGE  EiCESS  RUNNING  TIME  (S/VEH) 

12.66 

17.11 

17.45 

16.BB 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

.200 

.200 

.200 

.200 

EMISSIONS  FROM  DECELERATION  (B/VEH-M) 

.080 

.080 

.080 

.080 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (6/M-S) 

.033 

.049 

.019 

.013 

LENGTH  OF  ACC.  AND  DEC.  (M) 

12.9 

12.9 

12.9 

12.9 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

25.7 

30.7 

25.7 

25.7 

IDLING  EMISSION  RATE  (G/S) 

.550 

.940 

.382 

.248 

AVERAGE  EMISSION  RATE  (G/S-M) 

.0378 

.0513 

.0243 

.0159 

ADJUSTED  E)(CESS  EMISSION  RATE  (G/S-M) 

-.0797 

-.1253 

-.0435 

-.0286 

FREE-FLOW  EMISSION  RATE  (G/S-M) 

.2111 

.2517 

.1000 

.0675 

EPA  VOLUHE  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

INTERSECTION:  SURFACE  ARTERY/SOUTH  STREET 

CASE  i  !  YEAR:  1966  AVERAGING  TIME:  6-HOUR 

LINE  1    ROAD  SEGMENT  ID 

LINE  2  DEMAND  VOLUME  (VPN) 

LINE  4    CRUISE  SPEED  (MPH) 

LINE  5  FREE-FLOH  EMISSIONS  (G-VEH/M) 

LINE  i.l  NUMEBR  OF  LANES 

LINE  i.3  CAPACITY  SERVICE  VOLUHE  (VPH  OF  GREEN) 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.7  CAPACITY  (VPH) 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  6.0  LENGTH  OF  QUEUE  (M/LANE) 

LINE  9.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (6/VEH-M) 

LINE  11.  EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

LINE  12,  EMISSION  RATE  FOR  ACC.  AND  DEC.  (B/M-S) 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

LINE  15.  IDLING  EMISSION  RATE  (S/S) 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M) 

LINE  17,  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

LINE  18.  FREE-FLOH  EMISSION  RATE  (G/S-H) 


SAN 

SAS 

SN 

SS 

623. 

743. 

295. 

199. 

18 

16 

18 

18 

1.0000 

1.0000 

1.0000 

1.0000 

4 

3 

3 

7 
J 

1900. 
6000. 

4200. 
0. 

4650. 
0. 

4100. 
0. 

100. 
523. 

743. 
0. 

295. 
0. 

199. 
0. 

100. 

B. 
57. 

49. 

0. 

41. 
0. 

41. 
0. 

3572. 

2053. 

1907. 

1681. 

.971 
.471 

.620 
.000 

.630 
.000 

.620 
.000 

2.696 
6.843 

12.788 
.000 

5.162 
.000 

3.428 
.000 

.21 

.57 

,16 

.13 

14.63 

26.71 

10.69 

7.12 

15.89 

16.79 

18.93 

16.58 

,140 

.140 

.140 

,140 

.050 

.050 

.050 

.050 

,018 

.024 

.010 

.007 

29.0 

29.0 

29,0 

29,0 

57,9 

57.9 

57.9 

57,9 

.540 

.691 

,319 

,210 

.0184 

.0241 

.0104 

.0069 

■.0770 

-.1038 

-.0412 

-.0274 

.1731 

.2064 

.0819 

.0553 

Intersection 
Case  #   c' 


WORKSHEET  1  -  TRAFFIC  INFORMATION 


yit^n^ . 


f/^.f 


1. 

Road  segment  or  intersection  approacn 
iaentification 

^i^    ^±^     UL      ^^ 

2. 

Observed  1-nr  volume  (vph) 

Observed  8-^r  volume  (vph) 
Projected  l-fir  peak  demand  (vpn) 
Projected  8-hr  peak  demand  (vph) 

7f2-  %n    36Z.    ^-t? 

4^  _^H!i  __f^_'2l^ 

3. 

Percentage  cold  starts 

4. 

Percentage  trucks  and  buses 

5. 

Metropolitan  population 

6. 

Slope 

7. 

Free-flow  parameters 
r*ji*er  of  lanes 
Average  lane  width  (ft) 
Design  speed  (mph) 
Highway  type  (see  Figures  2-5) 

LI 2^ 3^ 2^ 

8. 

Intersection  parameters 

I 

Intersection  designation 
Approacn  width  (ft) 
Percentage  right  turns 
Percentage  left  turns 

9. 

Type  control  and  description  of 
signal  controller 
Area  source  parameters 

Parking  lot  gate  designation 

Projected  1-hr  peak  entrance  demand  (vph) 

1  ■-                  ^-^ 

Projected  1-hr  peak  exit  demand  (vph) 

Projected  3-nr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand  (vph) 

Parking  lot  area  (m  ) 

_^^ 

Parking  lot  capacity  (veh) 

:^unning  time  required  to  access 
auxiliary  parking  (s) 

Facility  emptying  time 

^^^^ 

Average  cars  per  stall 

^^^^ 

Average  area  per  stall  (m  ) 

— 

#0RK3«ET  B  -  CAPACITY  ANALYSIS 


Intersection  _ 
Case  #  C^^ 


Steo 


Synool 


1    1 
2 

2.1  Mj 

2.2  w, 

2.3  Tj 

2.4  Cj 
3 

3.1 
3.2 
3.3 
3.4 
3.5 
3.6  Zs 


J 
wa. 


4.1 
4.2 
4.3 
4.4 

4.5 
4.6 

4.7 
4.8 
5 

5.1 

5.2 

6 

6.1 

6.2 

6.3 

7 


l.J 


'l.J 

aoorox  G/Cy 
:n,ax(v^^jCs,^j) 

Cy 
GJ 
GJ/Cy 

c, 


'l.J 


m  n 


•l 

Spi 


Inout/unlts 


Road  scginent  (or  aoproacn)  designation 
Free  flow  capacity  computation: 

Ntinoer  of  lanes 

AQjustment  for  lane  wiatn  (Taole  8-1) 

Adjustment  for  trucks  (Table  8-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  pnase  identification 

Aoproacn  widtn  witn  parking  (ft) 

Percent  rignt  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  voluiw  (vph  or  green) 
Signalized  intersection  cgeen  phase 
and  cycle  length: 

Deiwnd  volume  for  approach  ana  phase 

Volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  pnase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  1  phase  j 

Two-»ay  stop,  two—ay  yield  or 
uncontrolled  intersection: 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Aooroach  capacity  r  C,  . 
J  ■'•'J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


Sy\Kj     £A'^-     £KJ      ££ 


ITTf^^c-ii      i^^'O    y\~z     i,'^"^ 


SAN 

SflS 

SN 

SS 

792. 

907. 

362. 

3B3. 

12 

12 

12 

12 

ilUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

?ITION:  SURFACE  ARTERY/SOUTH  STREET 
2  YEAR:  19B9  AVERABIN6  TIME:  1-HQUR 

ROAD  SEGMENT  ID 

DEMAND  VOLUME  (VPH) 

CRUISE  SPEED  (HPH) 

FREE-FLDH  EMISSIONS  (B-VEH/M)  1.0000  1.0000  1.0000  1.0000 

NUMEBR  OF  LANES  4     3     3     3 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

SIGNAL  CYCLE  LENGTH  (S) 

GREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENGTH  (S) 

CAPACITY  (VPH) 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LENGTH  OF  QUEUE  (H/LANE) 

AVERAGE  EKCESS  RUNNING  TIME  (S/VEH) 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

EMISSION  RATE  FOR  ACC.  AND  DEC,  (G/M-S) 

LENGTH  OF  ACC.  AND  DEC.  (M) 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

IDLING  EMISSION  RATE  (G/S) 

AVERAGE  EMISSION  RATE  (G/S-M) 

ADJUSTED  EXCESS  EMISSION  RATE  (B/S-M)    -.0B32  -.1256  -.0437  -.0469 

FREE-FLOW  EMISSION  RATE  (G/S-M)         .2200   .2519   .1006   .1064 


1520. 
4800. 

3360. 
0. 

3720. 
0. 

32B0. 
0, 

123. 
669. 

907. 
0. 

362. 
0, 

383. 
0. 

80. 

8. 

47. 

39. 

0. 

31. 
0. 

31. 
0. 

2972. 

163B. 

1442. 

1271, 

.979 
.479 

.702 
.000 

.679 
.000 

.693 
.000 

2.677 
7.126 

14.149 

,000 

5. 458 
.000 

5.902 
.000 

.36 

1.24 

.34 

.43 

15.25 

30. 7B 

11.59 

12.67 

12.60 

17.12 

17.46 

16.21 

.200 

.200 

.200 

.200 

.080 

.080 

.080 

.060 

.034 

.050 

.019 

.021 

12.9 

12.9 

12.9 

12.9 

25.7 

30.8 

25.7 

25.7 

.570 

.942 

.385 

.427 

.0393 

.0513 

.0245 

.0269 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  BUIDaiNE  MODEL  -  WORKSHEET  12 


INTERSECTION:  SURFACE  ARTERY/SOUTH  STREET 
CASE  i  2  YEAR:  1989  AVERAGINB  TIME:  8-HOUR 


LINE  1 

LINE  2 

LINE  4 

LINE  5 

LINE  6.1 

LINE  6.3 
LINE  6.3 

LINE  i.4 
LINE  6.4 

LINE  6.5 

LINE  6.6 
LINE  6.6 

LINE  6.7 

LINE  6.S 
LINE  6.3 

LINE  0.9 
LINE  6.9 

LINE  7.0 

LINE  a.o 

LINE  9.0 

LINE  10. 

LINE  11. 

LINE  12. 

LINE  13. 

LINE  14. 

LINE  15. 

LINE  16. 

LINE  17. 

LINE  IB. 


ROAD  SEGMENT  ID 

SAN 

SAS 

SN 

SS 

DEMAND  VOLUME  (VPH) 

649. 

744. 

297. 

314. 

CRUISE  SPEED  (MPH) 

18 

18 

18 

13 

FftEE-FLOH  EMISSIONS  (G-VEH/H) 

1.0000 

I. 0000 

1.0000 

1.0000 

NUMEBR  OF  LANES 

4 

T 

0 

T 

3 

CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

1900. 
6000. 

4200. 
0. 

4650. 
0. 

4100. 
0. 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

101. 
54B. 

744. 
0. 

297, 
0. 

314. 
0, 

SIGNAL  CYCLE  LENGTH  (S) 

100. 

GREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENBTH  (S) 

8. 
57. 

49. 
0. 

41. 
0. 

41. 
0. 

CAPACITY  (VPH) 

3572. 

2058. 

1907. 

1681. 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

.972 
.473 

.620 
.000 

.b30 
.000 

.639 
.000 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

2.726 
7.203 

12.809 
.000 

5.200 
.000 

5.573 
.000 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

.22 

.57 

.18 

.23 

LENGTH  OF  QUEUE  (M/LANE) 

15.23 

26.75 

,  10.77 

11.61 

AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

15.77 

16.80 

18.94 

19.34 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

.140 

.140 

.140 

.140 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

.050 

.050 

.050 

.050 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/M-S) 

.019 

.024 

.010 

.011 

LENGTH  OF  ACC.  AND  DEC.  (M) 

29.0 

29.0 

29.0 

29.0 

LENGTH  FOR  E)(CESS  EMISSIONS  (N) 

57.9 

57.9 

57.9 

57.9 

IDLING  EMISSION  RATE  (G/S) 

.557 

.693 

.321 

.349 

AVERAGE  EMISSION  RATE  (G/S-M) 

.0191 

.0241 

.0105 

.0113 

ADJUSTED  EKCESS  EMISSION  RATE  (G/S-M) 

-.0802 

-.1040 

-.0415 

-.0444 

FREE-FLOW  EMISSION  RATE  (G/S-M) 

.1803 

.2067 

.0825 

.0872 

WORKSHEET  1   -  TRAFFIC   I^4F0RMATI0N 


Case  »  K^      ■^-^Year//^P9      ^'^^  >^ 


Intersection 


1. 

2. 

Roaa  segment  or  intersection  approacn       ,   ,    ,  ,        ^^ 
identification                     ^J/IA/^J/Vi.  3±       ^S 

Observed  1-nr  volume  (vph) 

Observed  8-rtr  volume  (vph) 

3. 
4. 
5. 
6. 
7. 

Projected  l-fir  peak  demand  (vpn) 
Projected  8-nr  peak  demand  (vpn) 
Percentage  cold  starts 
Percentage  trucks  and  buses 
Metropolitan  pppulatlon 
Slope 

Free- flow  parameters 
Number  of  lanes 

^3    3  -^ 

Average  lane  widtn  (ft) 
Design  speed  (mph) 

Hignway  type  (see  Figures  2-5) 

__  ■'/,-  -r^-^l^^ 

8. 

Intersection  parameters 

■ 

9. 

Intersection  designation 
Approacn  widtn  (ft) 
Percentage  ri^t  turns 
Percentage  left  turns 
Type  control  and  description  of 
signal  controller 
Area  source  parameters 

LX         ^       5-/   /or: 

Parking  lot  gate  designation 

Projected  1-nr  peak  entrance  demand  (vph) 

Projected  1-hr  peak  exit  demand 

(vph) 

Projected  8-hr  peak  entrance  demand  (vph) 

Projected  8-hr  peak  exit  demand 

(vph) 

Parking  lot  area  (m  ) 

^^^^ 

Parking  lot  capacity  (ven) 

^^^K 

Running  time  required  to  access 
auxiliary  parking  (s) 

Facility  emotying  time 

.^^_ 

Average  cars  per  stall 

Average  area  per  stall  (m  ) 



Intersection 


Case  </  ^  ^ 


Step 


Symool 


1 

i 

2 

2.1 

^ 

2.2 

«f 

2.3 

^ 

2.4 

^=1 

3 

3.1 

J 

3.2 

*«1 

3.3 

3.4 

3.5 

3.6 

4 

•^^i.J 

4.1 
4.2 
4.3 

approx  G/Cy 

4.4 

E.ax(V,^jCs,^j) 

4.5 

Cy 

4.6 

GJ 

4.7 

GJ/Cy 

4.8 

5 

'^iJ 

5.1 
5.2 

^^*^n 
t^l 

6 

6.1 

^ 

6.2 

Spi 

6.3 

^1 

7 

c, 

l-<^<^ 


WORKSHEET  8  -  CAPACIl^  ANALYSIS 


//.^^A 


Input/units 


Road  segment  (or  approach)  aeslqnation 
Free  flow  capacity  computation; 

NumOer  of  lanes 

Adjustment  for  lane  width  (Table  B-l) 

Adjustment  for  trucks  (Table  B-2) 

Free  flow  capacity 
Signalized  intersection  capacity: 

Green  signal  phase  identification 

Approach  width  with  parking  (ft) 

Percent  right  turners 

Percent  left  turners 

Metropolitan  area  size 

Capacity  service  volume  (vph  or  green) 

Signalized  intersection  green  phase 

ana  cycle  length: 

Demand  Volume  for  approach  and  phase 

Volume  to  green  capacity  ratio 

Approximate  G/Cy 

Sum  of  the  maximum  V/C  ratios  for 
each  signal  phase 

Signal  cycle  time  (sec) 

Green  phase  length 

Green  phase  to  cycle  time  ratio 

Capacity  for  approach  i  phase  j 

Two-way  stop,  two-way  yield  or 
uncontrolled  intersectionr 

Major  street  two-way  volume 

Cross  street  capacity 

Four-way  stop  intersections: 

Approach  volume 

Demand  split  on  cross  streets 

Capacity  of  approach 

Approach  capacity ? C,  . 
J  ■'■•J 

5.2  for  a  four-way  stop  or 

6.3  for  a  two-way  stop 


£AM     Qi^-    QU 


'^2^  —-"^  _^£L  Ji'l^ 

•2/£  rvgJL 


/c^  ■'-•  -     -:>7^bc    '^rio  \lA 


OLUflE  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 


ECTION:  SURFACE  ARTERY/SOUTH  STREET 
3  YEAR:  19B9  AVERA6ING  TIME:  1-HOUR 

ROAD  SEBMENT  ID 

SAN 

SAS 

SN 

SS 

DEMAND  VOLUME  (VPH) 

792. 

906. 

362. 

243. 

CRUISE  SPEED  (MPH) 

12 

12 

12 

12 

FREE-FLOH  EMISSIONS  (G-VEH/M) 

1.0000 

1.0000 

1.0000 

1.0000 

.1 

NUMEBfi  OF  LANES 

4 

3 

3 

3 

.3 
.3 

CAPACITY  SERVICE  VOLUME  (VPH  OF  BREEN) 
CAPACITY  SERVICE  VOLUME  (VPH  OF  BREEN) 

1520. 
4800. 

3360. 
0. 

3720. 
0. 

3280. 
0. 

.4 

.4 

DEMAND  VOLUME  (VPH) 
DEMAND  VOLUME  (VPH) 

123. 
669. 

906. 
0. 

362. 
0. 

243. 
0. 

.5 

SIGNAL  CYCLE  LENGTH  (S) 

80. 

.6 

GREEN  PHASE  LENGTH  (S) 
GREEN  PHASE  LENGTH  (S) 

8. 

47. 

39. 
0. 

31. 
0. 

31. 
0. 

.7 

CAPACITY  (VPH) 

2972. 

1633. 

1442. 

1271. 

.8 
.8 

PROPORTION  OF  VEHICLES  THAT  STOP 
PROPORTION  OF  VEHICLES  THAT  STOP 

.979 
.479 

.702 
.000 

.679 
.000 

.662 
.000 

.9 

.9 

NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 
NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

2.677 
7.126 

14.128 
.000 

5.45B 
.000 

3.572 
.000 

.0 

AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

.36 

1.24 

.34 

.24 

.0 

LENGTH  OF  QUEUE  (M/LANE) 

15.25 

30.73 

11.59 

7.62 

.0 

AVERAGE  EKCESS  RUNNING  TIME  (S/VEH) 

12.60 

17.11 

17.46 

16.88 

0. 

EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

.200 

.200 

.200 

.200 

1. 

EMISSIONS  FROM  DECELERATION  (G/VEH-M) 

.080 

.080 

.080 

.080 

2. 

EMISSION  RATE  FOR  ACC.  AND  DEC.  (B/M-S) 

.034 

.049 

.019 

.013 

3. 

LENGTH  OF  ACC.  AND  DEC.  (M) 

12.9 

12.9 

12.9 

12.9 

4. 

LENGTH  FOR  EXCESS  EMISSIONS  (M) 

25.7 

30.7 

25.7 

25.7 

c 
J. 

IDLING  EMISSION  RATE  (G/S) 

.570 

.940 

.385 

.248 

6. 

AVERAGE  EMISSION  RATE  (G/S-M) 

.0393 

.0513 

.0245 

.0159 

T 

ADJUSTED  E)(CESS  EMISSION  RATE  (6/S-M) 

-.0832 

-.1253 

-.0437 

-.0288 

s. 

FREE-FLOH  EMISSION  RATE  (6/S-M) 

.2200 

.2517 

.1006 

.0675 

SAN 

SAS 

SN 

SS 

649. 

743. 

297. 

199. 

18 

IB 

IS 

IS 

EPA  VOLUME  9  (REVISED)  INDIRECT  SOURCE  GUIDELINE  MODEL  -  WORKSHEET  12 

INTERSECTION:  SURFACE  ARTERY/SOUTH  STREET 

CASE  *  3  YEAR:  1989  AVERAGING  TIME:  8-HOUR 

LINE  1  ROAD  SEGMENT  ID 

LINE  2  DEMAND  VOLUME  (VPH) 

LINE  4  CRUISE  SPEED  (MPH) 

LINE  5  FREE-FLDH  EMISSIONS  (G-VEH/H)  1.0000  1.0000  1.0000  1.0000 

LINE  6.1  NUflEBR  OF  LANES  4     3     3     3 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.3  CAPACITY  SERVICE  VOLUME  (VPH  OF  GREEN) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.4  DEMAND  VOLUME  (VPH) 

LINE  6.5  SIGNAL  CYCLE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.6  GREEN  PHASE  LENGTH  (S) 

LINE  6.7  CAPACITY  (VPH) 

LINE  6.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  0.8  PROPORTION  OF  VEHICLES  THAT  STOP 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  6.9  NUMBER  OF  VEHICLES  THAT  STOP  PER  CYCLE 

LINE  7.0  AVERAGE  NUMBER  OF  VEHICLES  IN  QUEUE 

LINE  8.0  LENGTH  OF  QUEUE  (M/LANE) 

LINE  9.0  AVERAGE  EXCESS  RUNNING  TIME  (S/VEH) 

LINE  10.  EMISSIONS  FROM  ACCELERATION  (G/VEH-M) 

LINE  11.  EMISSIONS  FROM  DECELERATION  (6/VEH-Ml 

LINE  12.  EMISSION  RATE  FOR  ACC.  AND  DEC.  (G/H-S) 

LINE  13.  LENGTH  OF  ACC.  AND  DEC.  (M) 

LINE  14.  LENGTH  FOR  EXCESS  EMISSIONS  (M) 

LINE  15.  IDLING  EMISSION  RATE  (G/S) 

LINE  16.  AVERAGE  EMISSION  RATE  (G/S-M) 

LINE  17.  ADJUSTED  EXCESS  EMISSION  RATE  (G/S-M) 

LINE  IS.  FREE-FLOH  EMISSION  RATE  (G/S-M) 


1900. 
6000. 

4200. 
0. 

4650. 
0. 

4100. 
0. 

101. 
548. 

743. 
0. 

297. 
0. 

199. 
0. 

100. 

B. 
57. 

49. 
0. 

41. 
0. 

41. 
0. 

3572. 

205B. 

1907. 

1681. 

.972 
.473 

.620 
.000 

.630 
.000 

.620 
.000 

2.726 
7.203 

12.788 
.000 

5.200 
.000 

3. 426 
.000 

.22 

.57 

.18 

.13 

15.23 

26.71 

10.77 

7.12 

15.77 

16.79 

18.94 

18.58 

.140 

.140 

.140 

.140 

.050 

.050 

.050 

.050 

.019 

.024 

.010 

.007 

29.0 

29.0 

29.0 

29.0 

57.9 

57.9 

57.9 

57.9 

.557 

.691 

.321 

.210 

.0191 

.0241 

.0105 

.0069 

.0802 

-.1038 

-.0415 

-.0274 

.1803 

.2064 

.0825 

.0553 

WORKSHEET    3    -    AREA    SOURCE    EMISSIONS    COMPUTATION 


Area  Source  /ZiT"     Scmrr^r    ^tV?* t^ -/-      rkr  km^    /j/'t  r-y ^  •  ? 

Case   #         ^  Year      I'^'^'Of^M^   Averaging   Time        I     'Ntour  >„ 


Step  Symbol 


Input/Units 


Traffic  Stream 


1 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

14 

14 

14 


Brt 


A 

i 

ve. 

Ce, 

i 

Vx . 

1 

Cx, 


r 

PC 

Rmi 
Fet 


ve./Ce^ 
Vx^/Cx^ 
Re, 


14.4  Rx, 


15 
16 

17 
18 

19 


Te, 
Rmo 


Tx^ 
Qa 

Qa' 


Base  running  time 

Base  approach  time(s) 

Base  entrance  time(s) 

Base  movement-in  time(s) 

Base  stop,  base  start  time(s) 

Base  movement-out  time{s) 

Base  exit  time(s) 

Base  departure  time(s) 

Total  base  running  time(s) 

2 
Area  of  parking  lot  (m  ) 

Entrance  approach  identification 

Entrance  demand  volume,  (vph) 

Entrance  approach  capacities  (vph) 

Exit  approach  identification 

Exit  demand  volume  (vph) 

Exit  approach  capacities  (vph) 

Number  of  parking  spaces  occupied 

Emissions 

Capacity  of  parking  lot  (veh) 

Excess  movement-in  time(s) 

Facility  emptying  time(s) 

Excess  running  time 

Entering  volume-to-capacity  ratio 

Exiting  volume-to-capacity  ratio 

Excess  running  time  entering 
parking  lot 

Excess  running  time  exiting 
parking  lot 

Total  entering  running  time  (s/veh) 

Excess  running  time  moving  out  of 
parking  stalls  (s/veh) 

Total  exiting  running  time  (s/veh) 

m  a  parking 


Total  emission  rate 
lot 


rate  fron 


Area  source  emission  rate  without 
the  emissions  from  internal  road 
segment,  i 


/.O 


■sr 


fOZ. 


/o 


/^^ 


1^ 


L  C 


^   -2.19 


tJ(\ 


ixi.  Tc    0. 


2.^rC 


.^jn. 


UJ. 


I  /^ 


ILL. 


D> 

/■' 

0. 

o 

J. 

0 

"  f\%.  C^  ^■-CC. 


avs    C'^A'"fnv-C-   ^^ 


s 


■k. 


r^^CitftV 


^  ^ft^f 


K'"  vrkiclc 


WORKSHEET  3  -  AREA  SOURCE  EMISSIONS  COMPUTATION 

Area  Source     /!? -C  ^C'rryn^^C  r  ^^.Tr^.C^-l'     "H,  r /f.'L  ^-^ ''r     Ga  tH  ^1  -"^ 

Case  #    ^       Year  /^p''?  fP^J  Averaging  Time   /  Hour  7 

Step  Symbol          Input/Units  Traffic  Stream 

1  Brt  Base  running  time  JJ7  ,' ^ --'T   

1.1  Base  approach  time(s)  | .  Q 

1.2  Base  entrance  time(s)  s" 

1.3  Base  movement-in  time(s)  \  '   2- 

1.4  Base  stop,  base  start  time(s)  \0 

1.5  Base  movement-out  time(s)  \ A_^ 

1.6  Base  exit  time(s)  \C- 

1.7  Base  departure  tinie(s)  \ ,  '' 

1.8  Total  base  running  time(s)  'J  '■'.[ 

2  A  Area  of  parking  lot  (m')  


3  i  Entrance  approach  identification        '~^\   ' 

r4  Ve.  Entrance  demand  volume,  (vph)         .  \Z^ 

5  Ce.  Entrance  approach  capacities  (vph)  *TZ~ 

6  i  Exit  approach  identification  Q  A 

P  Vx.  Exit  demand  volume  (vph)  ^^2> 

8  Cx.  Exit  approach  capacities  (vph)  *  7  2..^ 

9  Number  of  parking  spaces  occupied  

po  F  Emissions  |  Z'? .  7  ^ 

11  Pc  Capacity  of  parking  lot  (veh)  2-3  »f 

12  Rmi  Excess  movement-in  time(s)  ^ 

13  Fet  Facility  emptying  time(s)  22'^  u. 

14  Excess  running  time  

14.1  Ve./Ce-  Entering  volume-to-capacity  ratio 


14.2  VXj^/Cxj^  Exiting  volume-to-capacity  ratio ,2.  \ 

Excess  running  time  entering  , 

parking  lot  i  - 


14. 

3 

Re, 

14. 

4 

Rx  . 

15 

^^ 

16 

Rmo 

17 

Tx, 

13 

Qa 

Excess  running  time  exiting 

parking  lot  2  .  1^ 

Total  entering  running  time  (s/veh)     |  /  ,^   


Excess  running  time  moving  out  of        > 
parking  stalls  (s/veh)  ^^^^ 

Total  exiting  running  time  (s/veh)      / /  ^ 

Total  emission  rate  from  a  parking 

lot  (g/m^  -  s)  '2  .  4..;; 

19   Qa '     Area  source  emission  rate  without 
the  emissions  from  internal  road 
segment,  i  


Area  Source 


WORKSHEET  3  -  AREA  SOURCE  EMISSIONS  COMPUTATION 


Case  #    2.       Year  I^J?^     Averaging  Time  9^      Hour 


Step  Symbol         Input/Units  Traffic  Stream 

1  art  Base  running  time  .Tvi     i^'   ■ 

1.1  Base  approach  tinie(s)  |.  Q 

1.2  Base  entrance  time(s)  <^ 

1.3  Base  movement-in  time(s)  |  Q  1, 

1.4  Base  stop,  base  start  time(s)  ) r, 

1.5  Base  movement-out  time(s)  f  ,0  ■^ 

1.6  Base  exit  time(s)  \!) 

1.7  Base  departure  time(s)  j. 0 

1.8  Total  base  running  time(s)  Z-^ I 

2 

2  A  Area  of  parking  lot  (m  )  


3  i  Entrance  approach  identification        '" f  / 

4  Ve.  Entrance  demand  volume,  (vph)         .   ^ 

5  Ce.  Entrance  approach  capacities  (vph)  7'^/,"' 

6  i  Exit  approach  identification  •'  — 

7  Vx.  Exit  demand  volume  (vph)  ^0> 

3  Cx.  Exit  approach  capacities  (vph)"*" 7 'iJ^ 

9  Number  of  parking  spaces  occupied  

10  F  Emissions  /.  / ,  72- 

11  Pc  Capacity  of  parking  lot  (veh)  2,"^,  C- 

12  Rmi  Excess  movement-in  time(s)  (^^ 

13  Fet  Facility  emptying  time(s)  t'^JyC- 

14  Excess  running  time  

14.1  Ve./Ce.  Entering  volume-to-capacity  ratio  , CC^ 


14.2  Vx^/Cx^  Exiting  volume-to-capacity  ratio ,  0  V 

14.3  Re,     Excess  running  time  entering 

parking  lot  }C2^ 


14.4  Rx,     Excess  running  time  exiting 

parking  lot  ,  "2.1 

15  Te.     Total  entering  running  time  (s/veh)     //a,    

16  Rmo     Excess  running  time  moving  out  of 

parking  stalls  (s/veh)  '''' 


17  Tx,     Total  exiting  running  time  (s/veh)  I IC 

18  Qa      Total  emission  rate  from  a  parking  «.  ,  .   . 

lot  (g/m"^  -  s)  Ui_L9/S» 

19  Qa '     Area  source  emission  rate  without 

the  emissions  from  internal  road 

segment,  i  


^^  't}>'  ^'•- 


-7^ 


^235 


,  r 


c 
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